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PREFACE. 



This little book closes a series of five volumes which I 
undertook some yeais since, in the wish to teach boys 
and girls how to use for themselves tlie treasures which 
they have close at hand in the Public Libraries now so 
generally opened in the Northern States of America. The 
librarians of these institutions arc, without an exception, 
so iar as I know, eager to introduce to the young the 
books at their command. From these gentlemen and 
ladies I have received many suggestions as the series went 
forward, and I could name many of them who could have 
edited or prepared such a series far more completely 
than I have done. But it is not fair to expect them, in 
the rush of daily duty, to stop and tell boys or girls what 
will be " nice books " for them to read. If they issue 
frequent bulletins of information in this direction, as is 
done so admirably by the librarians al Providence and at 
Hartford, Uiey do more than any one has a right to ask 
them for. Such bulletins must be confined principally to 
helping young people read about the current events of the 
day. In that case it will only be indirectly that they send 
the young readers back into older literature, and make 
^atnied with the best work of eaitcx 'MCfis. 



PREFACE. 



I remember well a legend of the old Public Library t 

Dorchester, which describes the messages sent to the har<j 

ressed librarian from the outlying parts of the town <S, 

k<tHe afternoon of Saturday, which was the only time whe 

fce Library was open. 

" Mother wants a sermon book and another bookt 
"his was the call almost regularly made by the me 
r aengers. 

I think that many of the most accomplished libraria 

lijf to-day have danands not very dissimilar, and that tht 

rill be glad of any assistance that will give to eitBi 

mother or messenger any hint as to what this "othj 

" shall be. 

It is indeed, of course, almost the first thing to I 

Lasked that boys and girls shall learn to find out for theg 

Selves what they want, and to mmmage in catalogue 

Indexes, and encyclopjedias for the books which will be 

inBwer their necessities. Mr. Emerson's rule is, " Read-i 

llie line of your genius." And the young man or maida 

n find out, in early life. «'hat the hne of his or h( 

jenius is, has every reason to be grateful to the teacher, ( 

Jtiie event, or the book that has discovered it. I ha* 

P certainly hoped, in reading and writing for this series, th) 

Lthere might be others of my young friends as sensible aa 

^as bright as Fergus and Fanchon, who will be found ) 

twork out their own salvation in these matters, and ord< 

\ flieir own books without troubling too much that nit 

S Panizzi or that omniscient Mrs. Eodley who managi 

Ubrary so well, and knows so well what every one i 

□ has read, and what he has not read. 
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^had at first proposed to publish m'th each Look a 
le bibliogra[>hy on the subjects referred to, telliog par- 
ticulaily where were the available editions and the prices 
at which they could lie bought by young collectors. But 
a little esperiment showed that no such supplement could 
be made, which should be of real use for most readers for 
whom these books are made. The same Ust might be 
too full for those who have ooly small libraries at com- 
mand, and loo brief for those who are fortunate enough 
10 use large ones. Indeed, I should hke to say to such 
young readers of mine as have the pluck and the sense to 
read a preface, that the sooner they find out how to use 
the received guides in such matters, — the very indexes 
and bibliographies which I should use in making such a 
list for them, — why, die belter will it be for them. 

Such books as Poole's Index, Watt's and Brunei's 
Bibliographies, and the New American Indexes, prepared 
with such care by the Librarians' Association, are at hand 
in almost all the Public libraries ; and the librarians will 
always be glad to encourage inteUigent readers in the use 
of them. 

I should be sorry, in closing the series, not to bear my 
testimony to the value of the Public Library system, still 
so new to us, in raising the standard of thought and edu- 
cation. For thirty years I have had more or less to do 
with classes of intelligent young people who' have met for 
Study. I can say, therefore, that the habit of dioughl 
and the habit of work of such young people now is differ- 
eat from what it was thirty years ago. Of course it ought 



says thus and so, but you must learn for yourself wheth^ 
this author is prejudiced or ill-informed, or not." 

You can send him to the proper authorities. On al- 
most any detail in general history, if he live near one of 
the metropolitan libraries, you can say to him, " If you < 
choose to study a fortnight on this thing, you will very j 
likely know more about it than does any person in the T 
world." It is encouraging to young people to know that j 
they can thus take literature and history at first hand. It 
pleases them to know that " the book " is not absolute. 
With such resources that has resulted which such far-seeing;, 
men as Edward Everett and George Ticknor and Charles 
Coffin Jewett hoped for, — the growth, namely, of a race: 
of students who do not take anything on trust. As Pro- 
fessor Agassiz was forever driving up his pupils to habits of 
original observation in natural history, the Public Library- 
provokes and allures young sludents to like courage in; 
original research in matters of history and literature. 
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STORIES OF INVENTION 

TOLD BY INVENTORS. 



I. 



INTRODUCTION. 



- f ■*■ folk County in Massachusetts, in the neighborhood 
of the city of Boston, a rambling old house which in its 
day belonged to the Oliver family. I am afraid they 
were most of them sad Tories in their time ; and I am not 
sure but these very windows could tell the story of one or 
another brick-bat thrown through them, as one or another 
commiltee of the people requested one or another Oliver, 
of the old times, to resign one or another royal commis- 
sion. But a very peaceful Rowland has taken the place 
of those rebellioTis old Oliveis, 

This corafortabfc old house is now known to many 
young people as the home of a somewhat garrulous old 
gentleman whom they call Uncle Fritz. His real name 
is Frederick Ingham. He has had a checkered life, 
but it has evidently been a happy one. Once he was in 
the regular United States Na^-y. For a long time he was 
a preacher in the Sandemanian connection, where they 
JUVC OQ ordained ministers. In Garibaldi's time he 



AH that is true," said UntJe Fritz. " Bnl your &thei 

invests tnoney in railroads ; so for be is engaged ii 

iTtation. He b a sIockhoWeT and a director ts 

Hecla WooUen MiDs at Bromwich ; so far he is 1 

lUfactuiCT. He told me, the other day, that he hac 

encouraging my little friend Griffiths, who is expetl 

of electric power ; so far b 

patron of inventions. 

"In subsiance, what Mt, .Mierton meant when he sail 

' I thought we were merchants,' was this : he meant tha 

that firm simply bou^t Irom people who wished to sdl 

■ and sold to people who wished to buy, 

' "The fact, that almost even" man of enterprise in Mai 

[ sachusetts is now to a certain extent a manufacturei 

■ shows that a great change has come over people her 
F since the beginning of this century." 

, " Those were the days of Mr. Cleveland's adventure 

and Mr. Forbes's," said Hugh. 

He alluded to the trade in the Pacific, in which thes 
gentlemen shared, as may be read in Storhs OF A? 

VENTURE. 

Uncle Fritz said, "Yes." He said that the patient kn 
of Great Britain for her colonies forbade us here from mat 

( ing so much as a hat or a hob-nail while we were colonic! 

as it would gladly do again now. He said that the Nej 

I Englanders had a great deal of adventurous old NorS 

■ ■ blood in their veins, that they had plenty of ship-timbe 

and tar. If they could not make hob-nails they coul' 
L make ships ; and they made very good ships before the 

k had been in New England ten years. 

^^^ Luckily for us, soon after the country became a countij 
^^Bttai a hundred years ago, the quarrels of Europe wei; 
^^^^bh, that if an English ship carried produce of the Wes 
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Indies or China to Europe, France seized, if she could, 
ship and cargo; if a French ship carried them, English 
cruisers seized sh^ and cargo, if they could. So it hap- 
pened that the American ships and the American sailors, 
who wer« not at war with England and were not at war 

ilh France, were able to carry the stores which were 
wanted by all the world. The wars of Napoleon were 
thus a steady bounty for the benefit of the commerce of 
America. When tliey were well over, we liad become so 
well trained to commerce here, that we could build the 
best ships in the world ; and we thought we had the best 
seamen in the world, — certainly there were no better. 
(Under such a stimulus, and what followed it, our com- 
merce, as measured by the tonnage of our ships, was as 
large as tliat of any nation, and, if measured by the miles 
sailed, was probably tirger. 

All this prosperity to merchants was broken up by the 
War of 1812, between the United States and Great Britain. 
For two years and a half, then, our intercourse with 
Europe was almost cut off; for the English cruisers now 
captured our vessels whenever they could find them. At 
last we had to make our own hob-nails, our guns, our can- 
non, our cotton cloth, and our woollen cloth, if we meant 
to have any at all. The farmers' wives and daughters had 
always had the traditions of spinning and wearing. 

When Colonel Ingham said this, Blanche nodded to 
Msiy and Mary to Blanche. 

"That means," said the Colonel, "that you have brought 
dear old mother Tucker's spinning-wheel downstairs, and 
have it in the corner behind your piano, does it not?" 

Blanche laughed, and said that was just what she meant, 

"It does very well in 'Martha,'" said the Colonel. 
"And can you spin, Blanche?" 
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14 STORIES OF INVENTION. 

Blanche rather surprised him by saying that she could 
and ' the Colonel went on with his lecture. Fergus, whcj 
is very proud of Blanche, slipped out of the room, bi^ 
was b9.ck after a minute, and no one missed him. ' 

Here in Massachusetts some of the most skilful mer- 
chants — Appletons, Perkinses, and Lawrences — joinec 
hand with brave inventors like Slater and Treadwell, anc 
sent out to England for skilful manufacturers like Cromp 
ton and Boott ; thus there sprung up the gigantic systen 
of manufacture, which seems to you children a thing o 
course. Oddly enough, the Southern States, which hac 
always hated New England and New England commerce 
and had done their best to destroy it when they had i 
chance, were very eager to secure a home-market foi 
Southern cotton ; and thus, for many years after the war 
they kept up such high protective duties that foreign good 
were very dear in America, and the New England manu- 
facturers had all the better prices. 

While Uncle Fritz was saying this in substance, Ran 
som, the old servant, appeared with a spinning-wheel fron 
Colonel Ingham's music-room. The children had had i 
for some charades. Kate Fogarty, the seamstress of th( 
Colonel's household, followed, laughing, with a great hanl 
of flax ; and when the Colonel stopped at the interruption 
Fergus said, — 

" I thought. Uncle Fritz, they would all like to see ho^ 
well Blanche spins ; so I asked Ransom to bring in th( 
wheel." 

And Blanche sat down without any coaxing, and made] 

her wheel fly very prettily, and spun her linen thread 

well as her great-grandmamma would have done. Colonel 

Ingham was delighted ; and so were all the children, hall 

of whom had never seen any \van.d-sp\ivrvm^ Vk^^ox^. Ml oi 



liihem had seen cotton and wool spun in factories ; in fact, 
liflaJf of them had eaten their daily bread that day, from the 
Ji^rotit of tlie factories that for ten hours of every day do 

Rich spinning. 
;n " Now, you see," said the well-pleased Colonel, 
eif Blanche spins that flax exactly as her grandmother 
nfcne generations back spnn it. She spins it exactly as 
pMrs. Dudley spun it in the old house where Dr. Pater- 
i^n's church stands. It is strange enough, but for one 
1 lundred and fifty years there seems to have been no 
lassion for invention among the New Englanders, Now 
hey are called a most inventive people, and that bad 
TOrd has been coined for them and such as they. 

" But all this is of the last century. It was as soon as 
hey were thrown on their own resources that they began 
O invent. Eli Whitney, a Worcester County boy, gradu- 
■ted at Vale College in 1791. He went to Georgia at 
mce, to be a tutor in a planter's family ; but before he 
Jlived, the planter had another tutor. This was a for- 
unate chance for the world ; for poor Whitney, disap- 
kointed, went to spend the winter at the house of Mrs. 
j^neral Greene. One day, at dinner, some guests of hers 
laid that cotton could never be exported with profit 
taless a machine could be made to separate the seeds 
rom the ' wool.' ' If you want anything invented,' said 
Mrs. Greene, ' ask my young friend Mr. Whitney ; he 
*iJl invent anything for you.' Whitney had then never 
leen cotton unmanufactured. But he went to work ; and 
aefore hg was one year out of college, he had invented 
ihe cotton-gin, which created an enormous product of 
cotton, and, in fact, changed the direction of the com- 
merce of the world. 
"Well, you know about other iiwentious, Rsi^^-iX 



And your great-grandfather, Seth, is the Hunt who 
tKscbvered Hunt's Reef in the PhiUppines. I am afraid 
you cannot place it on the map." 

I know I cannot," said Seth, bravely. 

No," said the old gentleman. " But all the same the 
reef is there. I came to an anchor in the ' Calypso,' wait- 
ing for a southwest wind, in sight of the breakers over it. 
And 1 wish we had the pineapples the black people sold 

" AH the same the New Englanders are good for some- 
thing. Ten yf are hence, you boys will be doing what your 
fathers are doing, — subduing the world, and making it 
to be more what God wants it to be. And you will not 
work at arms' length, as they did, nor with your own 



I" We have Aladdin's lamp," said Maiy, laughing. 
. "And his ring," said Susie. "I always liked the ring 
tone better than the lamp one, though he was not so 
] strong," 

I " He is prettier in the pictures," said Geoi^e. 
I "Yes," said the Colonelj "we have stronger Genii than 
Aladdin had, and better machinery than Prince Cama- 
lakaman." 

" I beard some one say that Mr. Corliss had added 
twenty-seven per cent to the working power of the world 
t^ his cui-off" said Fergus. 

The Colonel said he beUeved that was true. And this 
!was a good illustration of what one persevering and inte!- 
iligent man can do in bringing in the larger life and 
jnobler purpose of the Kingdom of Heaven. Such i 
'man makes men cease from labor, which is always irk- 
some, and -work with God. This is always ennobling. 
i " I am ashamed to say that I do not Vyici'h -^tai. ^ 



' eui-off is," said Alice, who, like Seth, had been trained tl 
^" confess ignorance." i 

Ir "I was going to say so," said John Rodman. 

" And I, — and I, — and I," said quite a little chorus. 
L "We must make up a party, the first pleasant daj 
b^d go and see the stationary engine which pumps thi 
BKater for us." So the Colonel met their confession] 
I7 But does not all this indicate that we might spend a fo 
Ldays in looking up inventions? " 
I "I think we ought to," said Hatty. "Certainly % 
[ ought, if the Vesuvius pays. Imagine me at Manchesl^ 
'vlmagine John Bright taking me tlirough his own mill, ag 
f'^ying to me, ' This is the rover we like best, on the wholi 
fpo you use this in America?' Imagine me forced 
Keply that I do not know a rover when I see one, a 
ppould not tell a 'slubber' from a 'picker.' " 
I The others laughed, gnd confessed equal ignoranO 
B^Only, John Bright has no mills in Manchester, Hatty. 
■ "Well, they are somewhere; and I must not eat th 
nread of the Vesuvius slubbers, and not know somethin 
fef the way in which slubbers came to be," 
P " Very well," said Uncle Fritz, as usual recalling the cor 
pjersation to sanity. "Whom shall we read about first?'* 
t. "Tubal Cain first," said Fergus. " He seems to hav 
^bcen the first of the crew." 

" It was not he who found out witty inventions, 

Fanchon, in a mock aside. 

" I should begin with Archimedes," said UncJe Frita. 
" Excellent ! " said Fergus ; " and then may we not ba 

up old Fogarty's barn with burning-glasses?" 

The children dislike Fogarty, and his bam is at 

sore to them. It stands just beyond the hedge of ti 

Xad/ Oliver garden. 
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INTRODUCTION. " I9 

" I thank Archimedes every time I take a warm bath. 
)id he not invent hot baths? " 

" What nonsense ! He was killed by Caligula in one." 

"You shall not talk such stuff. — Uncle Fritz, what 
ooks shall I bring you?" 

It would seem as if, perhaps. Uncle Fritz had led the 
Dnversation in the direction it had taken. At least it 
roved that, all together on the rolling book-rack which 
Ir. Perkins gave him, were the account of Archimedes in 
le Cyclopaedia Britannica, the account in the French 
Iniversal Biography, the life in La Rousse's Cyclopaedia, 
1utarch*s Lives, and a volume of Livy in the Latin, 
rom these together, Uncle Fritz, and the boys and girls 
hom he selected, made out this little history of 
iTchimedes, 



ARCHIMEDES. 

A RCHIMEDES was bora in Syracuse iu the ye 
287 If. c, and was killed there in the year 21a b. 
He is said to have been a relation of Hiero, King 
Syracuse ; but he seems to have held no formal offit 
known to the politicians. Like many other such me 
however, from his time down to Ericsson, he came to if 
front when he was needed, and served Syracuse bett 
than her speech- makers. While he was yet a young 
he went to Alexandria to study; and he was there th 
pupil of Euclid, the same Euclid whose Geometry is tl 
basis of all the geometry of to-day. 

While Archimedes is distinctly called, on very hij 
authority, " the first mathematician of antiquity, 
while we have nine books which are attributed to hin 
we do not have — and this is a great misfortune 
ancient biography of him. He lived seventy-five yeai 
for most of that time probably in Syracuse itself; and' 
would be hard to say how much Syracuse owed to £ 
science. At the end of his life he saved Syracuse fio] 
the Romans for three years, during a siege in which, I 
his ingenuity, he kept back Marcellus and his army, i 
the end of this siege he was killed by a Roman soldii 
when the Romans entered the city. 

The books of his which we have ate on the " Sphd 
and Cylinder," " The Measure of the Cirde," 



id Spheroids," "On Spirals," "Equiponderants and Cen- 
tres of Gravity," "The Quadrature of the Parabola," "On 
Sodies floating in Liquids," " The Psammites," and " A 
Collection of Lemmas," The books which are lost are 
" On the Crown of Hiero ; " " Cochleon, or Water- 
Screw ; " " HeUcon, or Endless Screw ; " " Trispaaton, or 
Combination of Wheels and Aides ; " " Machines em- 
ployed at the Siege of Syracuse;" "Burning Mirror;" 
"Machines moved by Air and Water;" and "Material 
Sphere." 

As to the story of the bath-tub, Uncle Fritz gave lo 
Hector to read the account as abridged in the " Cyclopae- 
dia Britatmica." 

" Hiero had set him to discover whether or not the gold 
which he had given to an artist to work into a crown for 
him had been mL\ed with a baser metal. Archimedes was 
puzzled by the problem, till one day, as be was stepping 
into a bath, and observed the water running over, it oc- 
curred to him that the excess of bulk occasioned by the 
introduction of alloy could be measured by putting the 
crown and an equal weight of gold separately into a vessel 
filled with water, and observing the difference of overflow. 
He was so overjoyed when this happy thought stnick him 
that he ran home without his clothes, shouting, ' I have 
found it, I have found it,' — Eu/nj™, EvfnjKa. 

" This word has been chosen by the State of California 
for its motto." 

To make the story out, it must be supposed that the 
crown was irregular in shape, and that the precise ob- 
ject was to find how much metal, in measurement, was 
used in its manufacture. Suppose three cubic inches of 
gold were used, Archimedes knew how much _this would 
cost. But if three cubic inches of alloy were used, the 



king had been cheated. What the overflow of the v 

I taught was the precise cubic siie of the various ornan 

r of the crown. A silver crown or a lead crown would 

place as much water as a gold crown of the same s 

Land ornament. But neither silver nor lead vrauld w 

t'so much as if pure gold were used, and at that 

tpure gold was by far the heaviest metal known. 

I Fergus, who is perhaps our best mathematician, pri 

I up his ears when he heard there was a treatise on 

I relation of the Circle to the Square. Like most ol 

L intelligent boys who will read this hook, Fergus had 

his hand on the fascinating problem which deals with 

proportion. Younger readers will remember that 

treated in "Swiss Family." Jack- — or is it perhaps 

nest? — remembers there, that for the ribbon which 

' to go round a hat tlie hat-maker allowed three time 

I diameter of the hat, and a little more. This " little m 

i the delicate traction over which Archimedes stuC 

(and Fergus, after him. Fergus knew the proportio 

[ iar as thirty-three figures in decimals. These are 3. 

I 592.653,589,793,238,462,643,383,279,502. When I 

[ Fritz asked Fergus to repeat these, the boy did it pron- 

I somewhat to the astonishment of the others. He 

I committed it to memory by one of Mr. Gouraud's " 

," which are always convenient for persons who 

f mathematical formulas to remember. 

When those of the young people who were interest! 
[ mathematics looked at Archimedes's solution of the ] 
I lem, they found it was the same as that they had Ihems 
I tried at school. But he carried it so far as to inscr 
J circle between two polygons, each of ninety-six sides; 
(-his calculation is based on the relation between the ti 
Taking the " Swiss Family Robinson " statement a 
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shows ibat the circumference of a circle ex- 
three times xxs, diameter by a sntall fraction, which 
is less liian JK and greater than \,\, and that a circle is to 
Its drcumscribiiig square nearly as 1 1 to 14. Those who 
wish to carry his calculations farther may lie pleased to 
know that he found the figures 7 to zi expressed the re- 
lation more conectly than i to 3 does. McUus, another 
ancient madiematician, used the pro|>ortion 113 to 355. 
If yon reduce that to decimais, you will find it correct to 
the sixth decimal. Remember that Arthimcdr* mnd Me- 
tius had nut the convenience uf the Arabic or decimaj ito- 
tatioD. Imagine youraelves doing Metius's sum in divi»OR 
when you have to divide CCCLV by CXIII. Archimedes, 
in fact, used the Greek notation, — which was a litUc belter 
than the Roman, but had none of (he lacility of ours. 
For every ten, from ao to 90, ttiey had a separate charac- 
ter, and for every hundred, and for every thousand. The 
thousands were the units with a mark undemeaih. Thua 
atneant i, and a. meant 1,000, To express 113, Archi- 
medes would Iiave written pty To express 355, he would 
have written rvt; and the place which these signs had in 
the order would not have affected their value, as they do 
with us. 

We cannot tell how the greater part of Archimedcs's 
life was spent. But whether he were nominally in public 
office or not, it is clear enough that he must have given 
. great help to Syracuse and her rulers, as an engineer, long 
before the war in which the Romans captured that great 
city. At that time Syracuse wus, according to Cicero, 
"the largest and noblest of the Greek cities." It was in 
Scily J but, having been built by colonists from Greece, 
who still spoke the Greek language, Cicero speaks of it 
among Greek cities, as he would have spoken of Thurii, 
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or Sybaris, or the cities of " Magna GracHa," - 
Greece," as they called the Greek settlements in south 
era Italy. In the Second Punic War Syracuse took side 
against Rome wiih the Carthaginians, though her ok 
king, Hiero, had been a fiim ally of the Romans. Th( 
most interesting accounts that we have of Archimedes an 
in Livy's account of this war, and in Plutarch's life o 
Marcellus, who carried it on on the Roman side. Livj 
says of Archimedes that he was — 

"A man of unrivalled skill in observing the heavens and 
the stars, but more deserving of admiration as the inventot 
and constructor of warlike engines and works, by means o 
which, with a very slight effort, he turned to ridicule what 
the enemy effected with great difficulty. 

" The wall, which ran along unequal eminences, most of 
which were high and difficult of access, some low and open 
to approach along level vales, was furnished by him with 
every kind of warlike engine, as seemed suitable to each 
particular place. Marcellus attacked from the qiiiaque- 
remes [his large ships] the wall of the Achradina, which 
was washed by the sea. From the other ships the archers 
and slingers and light infantry, whose weapon is difficult to 
be thrown back by the unskilful, allowed scarce any person 
to remain upon the wall unwounded. These soldiers, as 
they required some range in aiming their missiles upward, 
kept their ships at a distance from the wall. Eight more 
quinqueremes joined together in pairs, the oars on their 
inner sides being removed, so that side might be placed 
to side, and which thus formed ships [of double width], 
and were worked by the outer oare, carried turrets built 
up in stories, and other battering- engines. 

" Agmnst this naval armament Archimedes placed, on 
different parts of the walls, engines of various dimensions. 



Against the ships which were at a disianw he discharged 
nones of immense weight ; those which were nearer he 
assailed with lighter and more numerous missiles. Lastly, 
in order that his own men mij;ht heap their weapons upon 
the enemy ivithout receiving any wounds themselves, he 
perforated the wall Irom the top to the bottom with a 
great number of loop-holes, about a cubit in diameter, 
through which some with arrows, others with scorpions of 
[noderate size, assailed the enemies without l)eing seen. 
He threw upon their sterna some of the ships which came 
Dearer to the walls, in order to get inside the range of 
the engines, raising up their prows by means o( an iron 
grapple attached to a strong chain, by means of a tolleno 
for derrick], which projected from the wall and overhung 
Ihein, having a heavy counterpoise of lead which forced 
the line to the ground. Then, the grapple being suddenly 
disengaged, the ship, falling from the wall, was by these 
means, to the utter consternation of the seamen, so dashed 
pgainst the water that even if it came back to its true 
position it took in a great quantity of water." 

" Fancy," cried Bedford, " one of their double quinque- 
remes, when she had run bravely in under the shelter of 
Ihe walL Just as the men think they can begin to work, 
up goes the prow, and they all are tumbled down into the 
Steerage. Up she goes, and fifty rowers are on each other 
fin a pile ; when the old pile-driver claw lets go again, and 
ilown she comes, splash into tlie sea. And then Archi- 
medes pokes his head out through one of the holes, and 
says in Greek, ' How do you like that, my friends?' I do 
not wonder ihey were discouraged." 

The bold cliff of the water front of Syracuse gave Archi- 
medes a particular advantage for defensive operations of 
this sort. They are described in more detail in Plutarch's 



Life of-Marcellus, who was the Roman general empliV 

against Sytacnse, and who was held at bay by Archime 

for three years. 

Here is Plutarch' 



Marcellus, with sixty galleys, each with five rov 
; oars, furnished with all sorts of arras and missiles, 

a huge bridge of planks laid upon eight ships cha^ 
• together,' upon whicli was carried llie engine to 
f Stones and darts, assaulted the walls. He relied o; 
ff abundance and magnificence of his preparations, and 
t his own previous glory ; all which, however, were, it w( 
f seem, but trifles for Archimedes and his machines. 

These machines he had designed and contrived, 
r as matters of any importance, but as mere amusei^f 
u in geometry, — in compliance witli King Hiero'f 
r and request, some little time before, tliat he shoulij 
L duce to practice some part of his admirable specidac 
I in science, and by accommodating (he theoretic 
tsensation and ordinary use, bring it more within, 
I appreciation of people in general. Eudoxos and Ardi 
[ had been the first originators of this far-famed and h^ 
I prized art of mechanics, wliich they employed 
I elegant illustration of geometrical truths, and as a 
f of sustaining experimentally, to the satisfaction cX 
' senses, conclusions too intricate for proof by words 
Prdiagrams. As, for example, to solve the problen 
k .often required in constructing geometrical figures, " G 
E>&e two extremes to find tiie Iwo mean lines of a pro 
ntion," both these mathematicians had recourse- to tin 
.' of instruments, adapting to their purpose certain ta 
I and sections of lines. But what with Plato's indignt 

rheie ire the qiiinqucremES, [^lenerj togetliei, of Ihe other 
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Bt it, and his tnveciives a^nst it as the mere comiptiun 
and aiinihitation of the one good of geometry, which 
was thus shaniefiUly turning its back upon tlie uneni- 
bodied objects of imre intelligence, to recur 10 sensation, 
and to ask help (not to be obtained witlioiit lose 3u)> 
servience and depravation) from matter ; so it wm that 
mechanics came to be separated from geometry, and 
when repudiated and neglected by philosophers, took 
hs place as a military an. 

Archimedes, however, in writing to King Hicro, wliosc 
&iend and near relative he was, had stated that, given 
ibe force, any given weigiit might be moved ; and even 
boasted, we are told, relying on the sireiigtli of ilcinon- 
stration, that if there were another earth, by going into 
it he could move this. 

Hiero being struck with amazement at this, and en- 
treating him to make good this assertion by actual experi- 
ment, and show some great weight moved by a small 
engine, he fixed upon a ship of burden uut of the king's 
arsenal, which could not be drawn out of the ilock with- 
oot great labor by many men. Loading her with many 
passengers and a full fre^t, sitting himself the while far 
off, with no great endeavor, but only holding the head 
of tiie pulley in his hand and drawing the cord by de- 
grees, he drew the ship in a straight line, as smoothly and 
evenly as if she had been in the sea. 

The king, astonished at this, and convinced of the 
power of the art, prevailed upon Archimedes to make 
him engines accommodated to all the purposes, offensive 
and defensive, of a siege. These ihe king himself never 
made use of. because he spent almost all his life in a 
profound quiet and the highest affluence. B\illte a^ij^.- 
latus was, in a most opportune lime, xeaA'j av Va-tvi. Icn . 
r/ie Sjraais^ns. and nith ft also the et^gineeT Vwm^eNi. | 
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When, therefore, the Romans assaulted the walls ii 

. 1 

two places at once, fear and consternation stupefied thet 
Syracusans, believing that nothing was able to resist thai 
violence and those forces. But when Archimedes begaf 
to ply his engines, he at once shot against the land forces 
all sorts of missile weapons, with immense masses- dL 
stone that came down with incredible noise and violence, 
against which no man could stand; for they knocked 
down those upon whom they fell in heaps, breaking aO 
their ranks and files. In the mean time huge poles thrust 
out from the walls over the ships [these were the derricks, 
or toUenoSy of Livy] sunk some by the great weights which 
they let down from on high upon them; others they 
lifted up into the air by an iron hand or beak like a 
crane's beak, and when they had drawn them up by the 
prow, and set them on end upon the poop, they plunged 
them to the bottom of the sea. Or else the ships, drawn 
by engines within, and whirled about, were dashed against 
the steep rocks that stood jutting out under the walls, 
with great destruction of the soldiers that were aboard 
them. A ship was frequently lifted up to a great height 
in the air (a dreadful thing to behold), and was rolled 
to and fi-o and kept swinging, until the mariners were 
all thrown out, when at length it was dashed against the 
rocks, or let fall. 

At the engine that Marcellus brought upon the bridge 
of ships, — which was called Sambuca from some resem- 
blance it had to an instrument of music of that name, — 
while it was as yet approaching the wall, there was dis- 
charged a piece of a rock of ten talents* weight, ^ then 
a second and a third, which, striking upon it with im- 
mense force and with a noise like thunder, broke all its 

1 The estimates of a talent vary somewhat, but ten talents made about 
seven hundred pounds. 



foundation to pieces, shook out all its £ittcning.s and 
completely dislodged it Irom the bridge;. So MatccIIus, 
doubttiil what counsel to pursue, drew olT h'u ships to 
a. safer distance, and sounded a rclrcat to his forces on 
land. They then took a resolution of coming up under 
the walls, if it were possible, in the night ; thinking that 
as Archimedes used ropes stretched at length in playing 
his engines, the soldiers would now be under the shot, and 
^e darts would, for want of sufficient distance to throw 
tfaem, fly over their heads without effect. But he, it 
appeared, had long before framed for such occasion 
engines accommodated to any distance, and shorter 
weapons-; and had made numerous small openings in 
the walls, through which, with engines of a shorter range, 
unexpected blows were inflicted on tlie 'assailants. Thus, 
when they, who thought to deceive the defenders, came 
dose up to the walls, instantly a shower o( darts and 
other missile weapons was again cast upon them. And 
when stones came tumbling down perpendicularly upon 
their heads, and, as it were, the whole wail shot out arrowa 
against them, they retired. 

And now, again, as they were going off, arrows and 
darts of a longer range inflicted a great slaughter among 
them, and their ships were driven one against another, 
while they themselves were not able to retaliate in any 
way. For Archimedes "had provided and fixed most of 
Ms engines immediately under the wall; whence the 
Romans, seeing that infinite mischiefs overwhelmed them 
from no visible means, began to think they were fighting 
with the gods. 

Yet Marcellus escaped unhurt, and, deriding his own 
artificers and engineers, " What," said he, " must we give 
Up fighting with this geometrical Briareus, who plays 
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^-, ^rch xr.d :c»ss wiih ocx ships^ and with the multitude «(l 




.ty of .Vrv:>ir.:ev:<?<*> desi^nis, one soul moving zs&\ 
^ .^%=.r.v.r.^ jlI ; for. lavins; aside all other arms, with hit 
■=^-^-iie :hey i:ue>:evl :he Ronnns and protected them-y^ 
•^ -x-e>. In ni'ie. wh<?a such terror had seized upon the* J 
\ j,'_\^.x\\< :h.;: i: :'iey did out see a litde rope or a piece ] 
~^- ^voo^: !a^:ii th>i* wall, insrantly crying out that there it:^ 
^^^^^ -ij;.iir., :h,i: Archi:uedes was about to let fly some. en- *J 
'^^7^^^ X. ;hem, :hey rv^rned their backs and fled, MarceUua ' 
^ \_ii=i:--^l :'ro:u coi::V.c:s and ascsaulrs. putting all his hope 
•^ ' ^ I I.vi^ siciie. Yet .\rchi:nedes possessed so high a 
i'^ -^:r. so profound a sou!, and such treasures of scienr 
-if-^^^ - knowlovi^e, that though these inventions had now 
1 1 "- x'lievl him the renown of more than human sagacity^ 
%S'^^ ^'^\ woulvl not deii:n to leave behind him any com- 
lT«^' ^r.irv v^r wriiiUj; on such subjects; but, repudiating 
ji^^ ^^-"i^^i*^^ *^^"'''^ ii^noble the whole trade of engineering, 
-tr^ / r*vorv sort of art that lends itself to mere use and 
•it"!*- « lie pbcevl his whole affection and ambition in 

-» I •■ -- v^.: _^ ^i_ 1 



^vl'^^*' loubt can be whether the beauty and grandeur (rf 
o\^^y ^vi^j^'^'^* examined or the precision and cogencj 
x\\C " -^ methods and means of proof most deserve om 
of ^I'^tion. 

adf^ ^ - - not possible to fmd in all geometr>- more difficul 
It ^tricate questions, or more simple and lucid expla 
and ^'^, Some ascribe this to his natural genius; whik 
nati^^ think that mcredible toil produced these, to al 
othe^^ 



trance, easy and unlatwred results. No amount 
nvestigation of yours would succeed in attaining the 
)f; and yet, once seen, you immediately believe you 
Id have discovered it, — by so smooth and so rapid 
ath he leads you to the coQclusion required. And 
1 it ceases to be incredible that (as is commonly told 
lim) the charm of his familiar and domestic science 
le him forget his food and neglect his person to that 
ree that when he was occasionally carried by absolute 
jnice to badie, or have his body anointed, he used 
race geometrical figures in the ashes of the fire, and 
jams in the oil on his body, being in a state of entire 
tccupation, and; in the truest sense, divine possession, 
. his love and delight in science. His discoveries 
[ numerous and admirable ; but he is said to have 
lested his friends and relations that when he was 
J_^they would place over his tomb a sphere contain^ 
a. cylinder, inscribing it with the ratio which 
laining solid bears to the contained- 



he boys were higlily edified by this statement of the 
culty which Archimedes's friends found in making him 
; a bath, and chaffed Jack, who had asked if he were 
the inventor of bath-tubs. 
pTien the reading frum Plutarch was over, Fei 
:d if that were all, and was disappointed that tht 
nothing about the setting of ships on fire by 
s one of the old stories of the siege of Syracuse, that 
set fire to the Roman ships by concentrating on them 
lieat of the sun fi"om a number of mirrors. But this 
y is not in Livy, nor is it in Plutarch, though, as has 
a seen, they were we!l disposed to tell what they knew 
i was marvellous in his achievements. It is told at 



the 
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length and in detail by Zonaras and Tzetzes, two &t 
writers of the twelfth ccntar}-, who must have found i 
some ancient writers whose works we do not now ha« 

'■ Archimedes," says Zonaras, * " having received 
rays of the sun on a mirror, by the thickness and po 
of which they were reflected and united, kindled a 
in the air, and darted it with fiill violence upon the shi 
which were anchored within a certain distance, in s 
a manner that they were burned to ashes." 

The same writer says that Proclus, a celebn 
" mathematician " of Constantinople, in the sixth centi 
at the siege of Constantinople set fire to the Thrac 
fleet by means of brass minors. Tzetzes i 
particukr. He says that when the Roman galleys W 
within a bow-shot of the city walls, Archimedes brou 
together hexagonal specula (mirrors) with other smi 
ones of twenty-four facets, and caused them to be pbi 
each at a proper distance ; that he moved these by n 
of hinges and plates of metal ; that the hexagon was 
sected by the meridian of summer and winter ; that iti 
placed opposite the sun ; and that a great fire was \ 
kindled, which consumed the ships. 

Now, it is to be remembered that these are ' 
accounts of writen who were not so good mechanics 
Archimedes. It should be remembered, also, that 
the conditions of war then, the distance at which sl 
would be anchored in a little harbor like that of Syrac 
was not great. By "bow-shot" would be mi 
distance at which a bow would do serious 
Doubtful as the story of Zonaras and Tzetzes seemq 
received unexpected confirmation in the year 1747 1 
a celebrated experiment tried by the naturalist BufTon. 

1 Quoted in Fabricius't Greek Iragments. 



After encountering inanjr tliiB.ruliics, wiiich he (ud 
fbrescen with grcst a>:u(cn»s, and nbvutml wiDi equal 
I'kgenaitjr, Buffon at kngih iiuccectiled in repeating Ar- 
> dlimedes's perfontiance. In ihc apiiin; of i-;^-} be 
■Irid before the French Academy a meniotr whidi, in ho 
FtoDected works, extends over upwards of eiyhty pojfe*. 
In this paper he described Iiirntwir as in [KMscssion of an 
apparatus liy means of which he could »ci fire to planki at 
Ihc distancL- of zoo and even 210 feet, and melt cnctAlH 
and metallic mincraU at dist^uiccs varying from 13 to 40 ' 
feet. Tl)is appamLus he describes aa composed of t6S 
jdaiQ glasses, silvered on tHe back, each »ix inchest broad 
by eight inches long. These, he says, were ranged in a 
ktge wooden frame, at intervals not exceeding the third 
of aa inch, so thai, by means of an adjustment twihind, 
each should be movable in all directions independent of 
^e rest; the spaces between the glasses being further of 
nse in allowing the operator to see from behind the point 
on which it behooved the various disks to be converged. 

In this last statement there is a parallel with tliat of 
Tzetzes, who speaks of the division of Archimedea's 
mirrors. 

At the present moment naturalists are paying great at- 
tention to plans for the using of the heat of the sun. It is 
said that on any county in the United States, twenty by 
thirty miles square, there is wasted as much heat of the 
sun as would drive, if we knew how to use it, all the 
steam-engines in the world. 

Fergus asked Uncle Fritz if he believed that Archime- 
des threw seven hundred pounds of stone from one of his 
machines. The largest modern g\ms throw shot of one 
id pounds, and ic is only quite recently that any 
it liave been used. 



Uncle Fritz told him that in Ihe museum ai 
main-cn-Laye he would one day see a modeit 
made by Colonel de Rclfye from the design of 
catapult on Trajan's Column.. This is supposet 
the same pattern which is called an " Onage 
Latin books. This catapult throws, when it is 
shot of twenty-four pounds, or it throws a shea 
arrows. In one catapult the power is gained 1: 
ox-hide very lightly, and suddenly releasing it. j 
a very stout bow, worked with a small windlass, 
this will give a great power. 

Seven hundred pounds, however, seems bt 
ability of any such machines as this ; but from i 
walls Architiiedes could, of course, have rolled si 
down on the decks of the ships below. And i 
throwing other stones or leaden balls to a greate 
with his Onagers, it may well be ihat Plutarch 01 
not take very accurate* account of the particiU 
which threw one stone or another. 

Archimedes was killed by a Roman soldic 
great grief of Marcellus, when the Romans fir 
Syracuse. The city fell through drunkenness, w 
and is, the cause of more failure in die w( 
anything else which can be named. Marcellus 
conversations about the exchange or redemption 
oner, observed a tower somewhat detached from 
which was, as he thought, carelessly guarded, 
the night of a feast of Diana, when the Syracu! 
wholly given up to wine and sport, he took the 
surprise, and from the tower seized the wall and 
way into the city. In the sack of the city by tht 
which followed, Archimedes was killed. The 
different ways. Pldtetc'h aa^js 'CwA \«. -«i 
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^blem by a diagram, and never noticed the 
the Romans, nor that the city was taken. 
^sxpectedly coming up to him in this trans- 
and meditation, commanded him to folknr 
Willis ; which he declining to do before he had 
feis problem to a demonstration, the soldier, 
"^ his sword, and ran him through. " Others 
^oinan soldier, running upon him with a drawn 
•d to kill him, and that Archimedes, looking 
4ly besought him to hold his hand a little 
e might not leave what he was then at work 
sequent and imperfect; but the soldier, not 
his entreaty, instantly killed him. Others, 
that as Archimedes was carrying to Marcellus 
l1 instruments, dials, spheres, and angles by 
nagnitude of the sun might be measured to 
»me soldiers, seeing him, and thinking that he 
in a vessel, slew him. 

it is, that his death was very afflicting to Mar- 
that Marcellus ever after regarded him that 
as a murderer, and that he sought for the 
Archimedes and honored them with signal 

es, as has been said, had asked that his mon- 
t be a cylinder bearing a sphere, in commem- 
lis discovery of the proportion between a 
i a sphere of the same diameter. A century 
after, when Cicero was qusestor of Sicily, he 
nonument, neglected, forgotten, and covered 

growth of thistles and other weeds. 
sft," he says, '* for one who came from Arpinas, 

the men of Syracuse where their greatest 

lay buried.'* 
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" A LL the world seems to have known of C 
-^~*- discoveries as soon as he came home, I 
world did not know at once of Archinriedes's in 
indeed, I should think the world did not know 
all of them are." 

Hester Van Brunt was saying this in the hi 
girls laid off their waterproofs, when they nexl 
Colonel. 

" I think that may often be said of what we c 
tions and what we call Discoveries," he said, '' 
recent times. When a man invented a new proci 
supposed that if he could keep the secret, it m 
1 a very valuable secret. But when one disci 
island or a continent, it was almost impossible to 
secret. They tried it sometimes, as you know- 
must be a whole ship's crew who know somethi 
new-found land, and from some of them the sec 
leak out. 

" But there has been many a process in the 
because the man who discovered the new quality 
or invented the new method in manufacture kept 
1 that he might do better work than his cor 
This went so far that boys were apprenticed tt 
to ieam ' the secrets of thew uaie?.; " 
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Fergus said that in old times inventors were not always 
treated very kindly. If people thought they were sorcerers, 
or in league with the Devil, they did not care much for 
the invention. 

Uncle Fritz said they would find plenty of instances of 
'h& persecution of inventors, even to quite a late date, 
[t is impossible, of course, to say how many good things 
^ere lost to the world by tlie pig-hcadedness which dis- 
couraged new inventions. It is marveUous to think what 
progress single men made, who had to begin almost at 
the beginning, and learn for themselves what every in- 
telligent boy or girl now finds ready for him in the 
Cyclopaedia. It is very clear that the same beginnings 
were made again and again by some of the early inventors. 
Then, what they learned had been almost forgotten. There 
was no careful record of their experiments, or, if any, it 
was in one manuscript, and that was not accessible to 
people trying to follow in their steps. 

"I have laid out for you," said Uncle Fritz, "some of 
the early accounts of Friar Bacon, — Roger Bacon. He is 
one of the most distinguished of the early students of what 
we now call natural philosophy in England. It was in one 
of the darkest centuries of the Dark Ages. 

" But see what he did. 

" There are to be found in his writings new and ingeni- 
ous views of Optics, — as, on the refraction of light, on the 
apparent magnitude of objects, on the magnified appear- 
ance of the sun and moon when on the horizon. He 
describes very exactly the nature and effects of concave 
and convex lenses, and speaks of their application to the 
purposes of reading and of viewing distant objects, both 
terrestrial and celestial ; and it is easy to prove from his 
writings that he w2is either the inventor or the improver of 
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the telescope. He also gives descriptions of the cairpm- ? 
obscura and of the burning-glass. He made, too, sev 
chemical discoveries. In one place he speaks of an i^iex- . ' 
tinguishable fire, which was probably a kind of phosphorus. 
In another he says that an artificial fire could be prepared 
with saltpetre and other ingredients which would bum at ; 
the greatest distance, and by means of which thunder and 
lightning could be imitated. He says that a portion of thig 
mixture of the size of an inch, properly prepared, would 
destroy a whole army, and even a city, with a tremendous .'"- 
explosion accompanied by a brilliant light. In another 
place he says distinctly that thunder and lightning could 
be imitated by means of saltpetre, sulphur, and charcoal. 
As these are the ingredients of gunpowder, it is clear that 
he had an adequate idea of its composition and its power. 
'He was intimately acquainted with geography and as- 
tronomy. He had discovered the errors of the calendar 
and their causes, and in his proposals for correcting them 
he approached very nearly to the truth. He made a cor- 
rected calendar, of which there is a copy in the Bodleian 
Library in Oxford. In moral philosophy, also, Roger 
Bacon has laid down some excellent precepts for the 
conduct of life.^ 

*' Now, if you had such a biography of such a man now, 
you would know that without much difficulty you could 
find all his more important observations in print. So soon 
as he thought them important, he would communicate 
them to some society which would gladly publish them. 
In the first place, he would be glad to have the credit of 
an improvement, an invention, or a discovery. If the in- 
vention were likely to be profitable, the nation would secure 
the profit to him if he fully revealed the process. They 

1 Encyclopxdia Americana : art. " Roger Bacon." 



fculd give him, by a ' patent,' the right to the exclusive 
[Ofit for a serii^s of years. The nation thus puts an end 

e oM temptation to secrecy, or tries to do so. 
" But if you will read some of the queer passages from 
ves of Bacon, you will see how very vague were 
IS which the people of his own time had of what 
5 was doing." 

; Then Hester read some passages which Colonel Ingham 
bad marked for her. 

pF THE PARENTS AND BIRTH OF FRVER BACON, 
AND now HE ADDICTED HIMSELF TO LEARN- 
ING. 

t In most men's opinions he was bom in the West part 

%'£»glanii and was son to a wealthy Farmer, who put him 

(.School to the Parson of the Town where he was bom ; 

intent that he should turn Fryer (as he did), but 

I get so much understanding, that he might manage the 

r that wealth he was to leave him. But young Bacon 

wk his learning so fast, that the Priest could not teach 

n any more, which made him desire his Master that he 

rpuVd speak to his father to put him to Oxford, that he 

t not lose that little learning that lie had gained : 

jbis Master was very willing so to do : and one day, meet- 

g his father, told him, that he had received a great bless- 

g of God, in that he had given him so wise and hopeful 

s his son Roger Bacon was (for so was he named) 

d wished him withal to doe his duty, and to bring up so 

i Child, that he might shew his thankfulness to God, 

I which could not belter be done than in making him a 

> Scholar ; for he found by his sudden taking of his leant 

;, that he was a cJnJd likely to prove a vev^ ^(ia.i.C^e^' 
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hereat old Bacon was not well pleased (for he desired to 
bring him up to Plough and to the Cart, as he himself was 
brought) yet he for reverence sake to the Priest, shewed 
not his anger, but kindly thanked him for his paines and 
counsel, yet desired him not to speak any more concern- 
ing that matter, for he knew best what best pleased him- 
self, and that he would do : so broke they off their talk 
and parted. 

So soon as the old man came home, he called to his 
son for his books, which when he had, he locked them up, 
and gave the Boy a Cart Whip in place of them, saying to 
him : " Boy, I will have you no Priest, you shall not be 
better learned than I, you can tell by the Almanack when 
it is best sowing Wheat, when Barley, Peas and Beans : 
and when the best libbing is, when to sell Grain and Cat- 
tle I will teach thee ; for I have all Fairs and Markets as 
perfect in my memory, as Sir JokUy our Priest, has Mass 
without Book : take me this Whip, I will teach the use 
of it. It will be more profitable to thee than this harsh 
Latin : make no reply, but follow my counsel, or else by 
the Mass thou shalt feel the smart hand of my anger." 
Young Bacon thought this but hard dealing, yet he would 
not reply, but within six or eight days he gave his Father 
tlie slip, and went to a Cloister some twenty miles off, 
where he was entertained, and so continued his Learning, 
and in small time came to be so famous, that he was sent 
for to the University of Oxford, where he long time 
studied, and grew so excellent in the secrets of Art and 
Nature, that not England only, but all Christendom, ad- 
mired him. 



THE HKAXE.V UHAD. 



FRVER liACON MADE A BRAZEN HEAD TO 
SPEAK, BV THE WHICH HE WOULD HAVE 
WALLED ENGLAND AIIOUT WITH BRASS. 

Fryer Ba(on, reading one ilay of the many conriuests 
of England, liellioughl himself how he might keep it here- 
after from the like conquests, and so make himself famous 
hereafter to all poslerily. This (after great study) he 
found could be no way so well done as one ; which was 
to make a head of Brass, and if he could make ihU head 
to speak (and hear it when it speaks) then might he be 
able to wall all EngLind about with Brass. To this pur- 
pose he got one Ftyer Butigy to assist him, who was a 
great Scholar and a Magician, (but not to be compared to 
Fryer Baion), these two with great study and [lains so 
framed a head of Brass, tlial in the inward parts thereof 
there was all things like as in a natural man's head : this 
being done, they were as far from j>erfection of the work 
as Ihey were before, for they knew not how to give those 
parts that they had made motion, without which it was 
impossible that it should speak r many books they read, 
but yet could not find out any hope of what they sought, 
that at the la^t they concluded to raise a spirit, and to 
know of him that which they could not attain to by their 
own studies. To do this they prepared all things ready 
and went one Evening to a wood thereby, and after many 
ceremonies used, they spake the words of conjuration, 
which the Devil straight obeyed and appeared unto them, 
asking what they would? "Know," said Fryer Baton, 
" that we have made an artificial head of Brass, which we 
would have to speak, to the furtherance of which we have 
raised the^and Ijeing rajscd, we will keep t.\\eeVLC"cc,^iQ.- , 
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r, 

less thou tell to us the way and manner how to mafc€ this 
Head to speak." The Devil told him that he had not that 
power of himself: " Beginner of lies," said Fryer BacoUy 
" I know that thou wouldst dissemble, and therefore tell it 
us quickly, or else we will here bind thee to remain dur- 
ing our pleasures." At these threatenings the Devil con- - 
sented to do it, and told them, that with a continual fume 
of the six hottest simples it should have motion, and in 
one month space speak, the Time of the month or day he 
knew not : also he told them, that if they heard it not be- 
fore it had done speaking, all their labour should be lost : 
they being satisfied, licensed the Spirit for to depart. 

Then went these two learned Fryers home again, an^ 
prepared the Simples ready, and made the fume, and 
with continual watching attended when this Brazen-head 
would speak : thus watched they for three weeks without 
any rest, so that they were so weary and sleepy, that they 
could not any longer refrain from rest : then called Fryer 
Bacon his man Miles, and told him, that it was not un- 
known to him what pains Fryer Binigy and himself had 
taken for three weeks space, only to make, and to hear 
the Brazen-head speak, which if they did not, then had 
they lost all their labour, and all England had a great loss 
thereby : therefore he entreated Miles that he would watch 
whilst that they slept, and call them if the Head speake. 
" Fear not, good Master," said Miles, " I will not sleep, 
but hearken and attend upon the head, and if it do 
chance to speak, I will call you : therefore I pray take you 
both your rests and let me alone for watching this head." 
After Fryer Bacon had given him a great charge the sec- 
ond time. Fryer Bungy and he went to sleep, and Miles, 
alone to watch the Brazen -head. Miles to keep himself 
from sleeping, got a Tabor and Pipe, and being merry 
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|[posed sang him many a merry Song ; and thus willi liis 
ta Music and his Songs spent he his time, and kept frorn 
psping at last. After some noise the Head spake these 
p> words; " Tims is." Miles hearing it to speak no 

r'e, thought his Master would be angry if he waked him 
tiiat, and therefore he let them both sleep, and began 
I'tnock the Head in this manner: "Thou Brazen-faced 
pad, hath my Master took all this pains about thee, and 
\w dost thou requite him with two words, Time is i had 
f watched with a Lawyer so long as he hath watched 
Ith thee, he wonid have given him more, and better 
ktrds than thou hast yet. IF^thou canst speak no wiser. 
Bey shall sleep till doom's day for me. Time is .- I know 
Mffiitir.and that thou shall hear, good man Brazen face," 
bid with this he sang him a song to his own music as to 
BBaea and seasons, and went on, " Do you tell ns, Copper- 
Use, when Time is? I hope we Scholars know our 
Cimes, when to drink dnmk, when to kiss our hostess, 
Rien to go on her score, and when to pay it, that 
Bine comes seldom." After ha]f an hour had passed, the 
Bead did speak again, two words, which were these : 
PTVme-waj." Afi&s respected these words as little as he 
aid the former, and would not wake thera, but still scoffed 
lit the Brazen head, that it had learned no better words, 
and have such a Tutor as his Master ; and in scorn of it 
wng a Song to the tune of " A Rich Merchant 
kpauiug as follows : 

Time mas when thou a kettle 

Weri filled with better matter: 

But Fryer Sacari did thee spoil, 

When he thy sides did liatler, 

with more to the same purpose. " Time was. 

" I know that. Brazen face, without your V.e\\i'[\'^, \ Vwci-* 
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Time ivas, and I know what things there was when 
Time was, and if yon speak no wiser, no Master shall be 
waked for me." Thus Miles talked and sung till another 
half hour was gone, then the Brazen head spake again' 
these words, " Time is past ; " and therewith fell down, and' 
presently followed a terrible noise, with strange Rashes of 
fire, so tjiat Miles was half dead with fear. At this noise 
the two Fryers awaked, and wondered to see the whole 
room so full of smoke, btit that being vanished they might 
perceive the Brazen Jiead broken and lying on the ground : 
at this sight they grieved, and called Miles to know how 
this came. Miles half dead with fear, said that it fell 
down of itself, and that with the noise and fire that fol-- 
lowed he was almost frighted out of his wits : Fryer Bacon 
asked him if he did not speak? "Ves," quoth Miles, 
" it spake, but to no purpose. 1 41 have a Parrot spe^, 
better in that time than yoii have been teaching this 
Brazen head." " Out on thee, villain," said Fryer Baton,. 
" thou hast undone ns both, hadst thou but called us when 
it did speak, all England had been walled round about with 
Brass, to its glory, and our eternal fames : what were the 
words it spake?" "Very few," said Miles, "and those 
none of the wisest that I have heard neither : first he: 
said, ' Time is.'" "Hadst thou called us then," said' 
Fryer Bacon, "we had been made for ever." "Then,'* 
said Miles, " half an hour after it spake again and said 
' Time was.' " "And wouldst thou not call us then? 
said Bungy. " Alas ! " said Milfs, " I thought he woul 
have told rue some long Tale, and then 1 purposed to 
have called j'ou : then half an horir after, he cried ' Timt 
is past ^ and made such a noise, that he hath waked you 
himself, methinks." At this Fryer Bacon was in such 
rage, that he would liave beaten his man, but he was ri 



strained by Bungy : but nevertlieless for his punishment, 
he with hia Art struck him dumb for one whole month's 
^ace. Thus that great work of these learned Fryers was 
Overthrown (to their great griefe) by this simple fellow. 

iHOW FRYER BACON BY HIS ART TOOK A TOWN, 
WHEN THE KING HAD LAIN BEFORE IT THREE 
MONTHS, WITHOUT DOING IT ANY HURT. 

In those times when Fryer Bacon did all his strange 
tricks, the Kings of England had a great part of France 
which they held a long time, till civil wars at home in this 
Land made them to lose it. It did 1 h h King 

of England (for some cause best kn 1 m If) went 

Hito France with a great Army, wh f many victo- 

ries, he did besiege a strong Town, and L y b f it full 
three months, without doing to the T ti any gr a dam- 
age, but rather received the hurt himself. This did so 
vex the King, that he sought lo take it in any way, either 
"by policy or strength : to this intent he made Proclama- 
tion, that whosoever could deliver this Town into his 
[hand, he should have for his pains ten thousand Crowns 
itruly paid. This was proclaimed, but there was none 
|found that would undertake it : at length the news did 
[come into England of this great reward that was prgm- 
■ ised. Fryer Bacon hearing of it, went into France, and 
Ibeing admitted to he King's p esence, he thus spake 
IHnto him; "You Maetv I an sure hath not forgot 
lyour poor servant Ba he lo e that you showed to me 
being last in your p n ha h drawn me for to leave 
I my Country and n y S u i o do your Majesty service : 
!l beseech your Gra e on mand me so far as m^j ^jcicK 
lArt or life may do you pleasure." TVe '^m^ "Owa-^tV^ 
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him for his love, but told him that he had now more ne^d 
of Anns than Art, and wanted brave Soldiers rather than 
learned Scholars. Fryer Bacon answered, "Your Grace 
saith well ; but let me (under correction) tell you, that 
Art oftentimes doth these things that are impossible to 
Arms, which I will make good in few examples. I will 
speak only of things performed by Art and Nature, wherein 
there shall be nothing Magical : and first by the figuration 
of Art, there may be made Instruments of Navigation 
without men to row in them, as great ships, to brook the 
Sea, only with one man to steer them, and they shall sail 
far more swiftly than if they were full of men : Also Char- 
iots that shall move with an unspeakable force, without 
any living creature to stir them. Likewise, an Instrument 
may be made to fly withal, if one sit in the midst of the 
Instrument, and do turn an engine, by which the wings 
being Artificially composed, may beat air after the man- 
ner of a flying Bird. By an Instrument of three fingers 
high, and three fingers broad, a man may rid himself 
and others from all Imprisonment : yea, such an Instru- 
ment may easily be made, whereby a man may violently 
draw unto him a thousand men, will they, nill they, or any 
other thing. By Art also an Instrument may be made, 
wherewith men may walk in the bottom of the Sea or 
Rivers without bodily danger : this Alexander the Great 
used (as the Ethnic philosopher reporteth) to the end he 
might behold the Secrets of the Seas. But Physical Fig- 
urations are far more strange : for by that may be framed 
Perspects and Looking-glasses, that one thing shall appear 
to be many, as one man shall appear to be a whole Army, 
and one Sun or Moon shall seem divers. Also perspects 
may be so framed, that things far off shall seem most nigh 
unto us : with one of these did Julius Casar from the 



Sea coasts in Fraiut markc and observe the niiuatitjn of 
the C35tlt:s ID Eigl'tnd. Bodici \&s.y alto l)c tu fnmcd, 
Uiat the gruiiesc thiugs shall appear to be tiie least, tiw 
highest lowest, the most wcrct to be the most manifest, 
and in such like sort the contrary. Thus did SocraUs 
perceive, that the Dragon which did destroy the Cily and 
Couatry adjoining with his noisome hrcath, and conta- 
gious influence, did lurk in ihc dens tietween the Moun* 
lains : and thus may all things that are dune in Cities or 
Ajmies be discovered by the enemies. Again, in such 
wise may bodies be framed. Uiai vencmous and infectiotiB 
ioAiiences may be brought whither a m.in will : In this 
did Aristotle instruct Akxan^er: tliroiigh which itii^l ruction 
the poyson of a Baailiiike, being liRed up upon the wall of 
8 Cily, the poyson was conveyed into the City, to the de- 
Btructioo thereof: Also perspects may be made to de- 
ceive the sight, as to make a man believe that he sceth 
great store of riches when there is not any. But it apper- 
taioeth to a higher power of Figuration, that beams should 
be brought and assembled by divers flections and reflec- 
tions in any distance that we will, to burne anjihing that 
is opposite unto it, as is witnessed by those Perspects or 
Glasses that burn before and behind. But the greatest 
and chiefest of all figurations and things figured, is to de- 
scribe the heavenly bodies, according to iheir lengtli and 
breadth in a corporal figure, wherein they may corporally 
move with a daily motion. Tliese things are worih a 
kingdom to a wise man. These may suffise, my royal 
Lord, to shew what Art can do ; and these, with many 
things more, as strange, I am able by Art to perform. 
Then take no thought for winning this Town, for by my 
Art you shall (ere many days be past) have your desire." 
The King all this while heard him with admiration ; but 



hearing him now, that he would undertake to win the 
Town, he biu^t out in these speeches : " Most leame4 
Bacon, do but what ihou hast said, and I will give thee 
what thou most desirest, either wealth or honour, choose 
what thou wilt, and I will be as ready to perform, a 
have been to promise." 

" Your Majesty's love is all that I seek," said the Fryer^ 
"let tne have that, and I have honour enough, for wealth, 
I have content, the wise should seek no more : but to the 
purpose. Let your Pioneers raise up a mount so high, (at 
rather higher), than the wall, and then you shall see some 
probability of that which I have promised." 

This Mount in two days was raised : then Frier J 
went with the King to the Top of it, and did with a 
spect shew to him the Town, as plainly as if he had been 
in it : at this the King did wonder, but Fryer Bacon tolcj 
him, that he should wonder more, ere next day r 
against which Time, he desired him to have his whole 
Array in readiness, for to scale the wall upon a signal given 
by him, from the Mount. This the King promised to do; 
and so returned to his Tent fuH of Joy, that he should g 
this strong Town. In the morning Fryer Bacon went up 
to the Mount and set his Glasses, and other InstrumwitS 
up : in the meantime the King ordered his Army, , 
stood in a readiness for to give the assaults : when the sig> 
nal was given which was the wawng of a flag. Ere nine 
of the clock Frj'er Baton had burnt the State-house of the 
Town, with other houses only by his Mathematical Glassesy 
which made the whole Town in an uproar, for none did 
know how it came ; whilst that they were quenching of the 
same, Fryer Bacon did wave his flag ; upon which signal 
given, the King set upon the Town, and took it with littU 
or no resistance. Thus through the Art of this learnet" 
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le King got this strong Town, which he coiild i 
li all his men without Fryer Bacon's help. 



ew FRYER BACON BURNT HIS BOOKS OF MAGIC 
■ AND GAVE HIMSELF TO THE STUDY UF UIVIN- 
f ONLY; AND HOW HE TURNED ANCHORITE. 

time when Fryer Bacon kept his Chamber 
isome great grieO he Tell into divers meditations : 
ito the vanity of Arts and Sciences : then 
ifhe condemn himself for studying of those things 
were 50 contrary to his Order and Soul's health ; and 
buld say that Magic made a Man a Devil ; sometimes 
JDuld he meditate on Divinity ; then would he cry out 
pon himself for neglecting the study of it, and for study- 
g Magic : somciime would he meditate on the shortness 
\ man's life, then would he condemn himself for spending 
,'time so short, so ill as he had done his : so would he go 
om one thing to another and in all condemn his former 
udies. 

, And that the world should know how truly he did repent 
is wicked life, he caused to be made a great fire; and 
fading for many of his Friends, Scholars, and others, he 
aake to them after this manner : " My good Friends and 
■Uow Students, it is not unknown unto you, how that 
trough my Art I have attained to that credit, that few 
len living ever had. Of the wonders that I have done, 
U England can speak, both King and Commons : I have 
iilockcd the secret of .'Ul and Nature, and let the world 
EC those things, that have laycn hid since the death of 
Scrmes, that rare and profound Philosopher : My Studies 
law found the secrets of the Stars ; the Books that I liave 
hnde of Ihcm. tlo sen-e for I'recedenls Vo «\Jt gteaWsX 



Doriora, so eitcdient h^th my Judgement been therein 
I likewise hdve found out the secrets of Trees, Planls anc 
Stones, witli their seieral uses j.^ all jhis knowledge 
mine I esteem so iightly, that I wish thaf I were ignorant 
and knevi notlimg for the knowledge of tlieae things, (as 
I ha%e truly found) serveth not to better a man ii 
ness, but onl> to make him proud and think too well o; 
himself What hath all ray knowledge of natu 
gained me ? Only this, the loss of a better kuowledge, ths 
loss of divine Studies, which makes the immortal part oi 
man (his Soul) blessed. I have found, that ray knowledge 
has been a heavy burden, and has kept down my goo^ 
thoughts : but I will remove the cause which are thes( 
Books : which I do puqwse here before you ail to bum,* 
They all intreated him to spare the Books, because in thett 
there were those things that after-ages might receive g 
benelit by. He would not hearken unto them but ttirei 
thera all into the fire, and in that flame burnt the greated 
learning in the world. Then did he dispose of 'all hi 
goods ; some part he gave to poor Scholars, and some h 
gave to other poor folks ; nothing he left for himself ; th« 
caused he to be made in the Church-wall a Cell, where b 
locked himself in, and there remained till his death. HI 
time he spent in Prayer, Meditation and such Divine EJ 
ercises, and did seek by all means to persuade men toi 
the study of Magic. Thus Uv-ed he some two years spat; 
in that Cell, never coming forth : his meat and drink i 
received in at a window, and at that window he did dii 
course with those that came to him ; His grave he digge 
with his own nails, and was laid there when he dy« 
Thus was the Life and Death of this famous Fryer, wl| 
lived the most part of his life a Magician, and died a 
penitent sinner and an Anchorite. 



When Hester had finished reading, one of the boys 
said that if people believed such things as that, he thought 
the wonder was that they made any progress at all. Uncle 
Fritz said that in mailers which make up what we call 
science, they did not make much progress. The arts of 
the world do not seem to have advanced much between 
the days of Solomon and those of William the Conqueror. 

" As you see," said Uncle Fritz, " an inventor was set 
down as a magician. I think you can remeraher more 
instances," 

Yes. Almost all the young people remember that in 
Marco Polo's day there was a distinguished Venetian en- 
gineer with the armies of Genghis Klian, whose wonderful 
successes gave rise, perhaps, to the story of Aladdin.l 
The scene of his successes was Pekin ; and it is to be re- 
membered that the story of Aladdin is not properly one of 
the Arabian Nights, and that tlie scene is laid in China. 

This led them to trjing to match the wonders of Alad- 
din and of the Arabian Nights by the wonders.of modem 
invention; and they pleased themselves by thinking of 
marvels they could show to unlearned nations if they had 
the resources of Mr. Edison's laboratory. 

'.'Aladdin rubbed his lamp," said Blanche. "Vou see, 
the lamp was his electrical machine ; and when he rubbed 
it, the lightnings went flying liither and thither, and said, 
' Here we are.' " 

" That is all very fine," said Jack Withers ; " but I stand 
by the Arabian Nights, after all, and I think I shall, till 
Mr. Edison or the Taunton locomotive shop will make 
for me some high-stepper on whose back I may rise 
above the clouds, pass over the length and breadth of 
lusetts, descend in the garden where Blanche is 
te " Stories o£ Adventure." 







confined by the hated mistress of a boarding-school 
Walpole, anil then, winning her ready consent, can a 
again with her, and before morning descend in the ga 
of a beautiful cottage at Newport. We will spend I 
weeks in playing tennis in tfie daytime, dancing in.ti 
Casino in the evenings, and in sailing in Frank Shaaud 
yacht between whiles. Then, and not till then, it 
I admit that the Arabian Nights have been outdone 
modern science," 

They all laughed at Jack's extravaganza, which is d 
kind to which they are beginning to be accustomed. 
Mabe! stuck to her text, and said seriously, that US 
Fred had said that what people now called science spi 
from the workshops of these very magicians. "Then 
cians then had all the science there was. And if n 
had not got a bad name, should we not call the mc 
science magicians now? " 

Uncle Fritz said yes to all her questions, but he : 
that they did not cover the whole matter. The di/Terc 
between a magician and a man of science involves l! 
habits ; the magician keeps secret what he knows, i 
the man of science discloses all he learns. Then 
magician affected to have spiritual power at comnu 
while the man of science oiily affects to tise what he a 
physical powers. Till either of them tell us how to I 
tinguish spiritual forces from physical forces, the s 
distinction is of the less importance. But the otha 
made all the difference in the world between the J 
magic-men and the science-men. For, as they had b 
with Friar Bacon, the magic-men have had their s 
told by most ignorant people, seeing they did not S 
erally leave any records behind them ; but the i 
loderii science, having cVvo?«w to \.e\\ WeV 
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have had theni told, on the whole, ri;asonably well, 
though generally stupidly. 

" What a pity we have not Solomon's books of science 1 " 
said John Tolman. 

" It is one of the greatest of pities that such booka as 
those were not kept. It seems as if people would have 
built on such foundations, and that Science would have 
marched from step to step, instead of beginning over and 
over again. But we do have Pliny's Natural History, as 
he chose to call it. Far from building on that as a foun- 
dation, the Dark Ages simply accepted it. And there are 
blunders or sheer lies in that book, and in Aristodc's 
books, and Theophrastus's, and other such, which have 
survived even to our day." 

The children were peeping into the collection from 
which the Friar Bacon stories had been read, and they 
lighted on these scraps about the supposed life of Virgil. 
To the people of the Dark .\ges Virgil was much more a 
man of magic than a poet. 



HOW VIRGILIUS WAS SET TO SCHOOL. 

As Virgilius was bom, then the town of Rome quaked 
and trembled ; and in his youth he was wise and subtle, 
and was put to school at Tolentin, where he studied dili- 
gendy, for he was of great understanding. Upon a time 
the scholars had licence to go to play and sport them in 
the fields after the usance of the old time ; and there was 
also Virgilius thereby also walking among the hiEs all 
about : it fortuned he spied a great hole in the side of a 
great hill wherein he went so deep that he could not see 
no more light, and then he went a little further therein, 
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and then he saw some light again, and then went he forth 
straight ; and within a little while after, he heard a voice 
that called, " Virgiliiis, Virgilius ; " and he looked about, 
and he conid not see no body ; then Vii;gi!ius spake and 
asked, "Who calleth me?" Then heard he the i 
again, but he saw nobody ; then said he, "Virgilius 
ye not that little board lying beside you there, marked 
with that word? " Then answered Virgilius, "I see that 
board well enough." The voice said, " Do away that 
board, and let me out thereat." Then answered Virgilius 
to the voice that was under the little board, and said^ 
" Who art thou that talkest me so ! " Then answered 
the devil : " I am a devil, conjured out of the body of a' 
certain man, and banished till the day of judgement, with- 
out I be delivered by the hands of men. Tlius, Virgilius, 
I pray you to deliver me out of this pain, and I shall 
shew unto thee many books of necromancy, and how thoq 
shalt come by it lightly and know the 'practise therein,; 
that no man in the science of necromancy shall pass ihee j 
and moreover I shall shew and inform you so that thou: 
slialt have all thy desire, whereby methinks it is a great 
gift for so little a doing, for ye may also thus all your 
friends helpen, and make your enemies unraiglity." 
Through that great promise was Virgil tempted ; he bad 
the fiend shew tlie books to him that he might have and 
occupy them at his will. And so the fiend shewed him, 
and then Virgilius pulled open a board, and there was a 
little hole, and thereat crawled the devil out like an eel,: 
and came and stood before Virgiliu 
thereat Virgilius was astonished and marvelled greatly 
thereof that so great a man might come out at so litde a 
hole ; then said Virgilius, " should ye well pass into th? 
hole that ye came out of ? " " Yea, I shall well," said tha 
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the best pledge that I have, ye shall not 

said the devil, " thereto I consent." 

devil crawled into the little hole again, and 

^^ . .._ therein, Virgilius covered the hole again, and 

B was the devil beguiled, and might not there come out 
but there 'abideth still therein. Then called the 
Bcvil dreadfully to VirgiUas and said, " What have ye 
ipe? " Virgihiis answered, " Abide there still to your 
ly appointed." And from thenceforth abideth be there. 
ul so Virgilius became very cunning in the practise of 
the black science. 

MOWE THE EMPEROR ASKED COUNSEL OF VIR- 
GILIUS, HOW THE NIGHT RUNNERS AND ILL 
DOERS MIGHT BE RID-OUT OF THE STREETS, " 

The emperor had many complaints of the night nm- 
ners and thieves, and also of the great murdering of 
|ieople in the oigbt, in so touch that the emperor asked 
counsel of Virgilius, and said : " That he hath great com- 
plaints of the thieves that runneth by night for they kill 
■many men; what counsel, Virgilius, is best to be done?" 
Then answered Virgilius to the emperor, " Ye shall make 
^ horse of copper and a copper man upon his back, 
having in his hands a flail of iron, and that horse, ye 
shall so bring afore the towne house, and ye shall let cry 
ihal a man from henceforth at ten of the clock should 
ring a bell, and he that after the bell was rung in the 
, streets should be slain, no work thereof should be done." 
I And when this cry was made the ruffians set not a point, 
I btjt kept the streets as they did afore and ivould not let 
' therefor ; and as soon as the bell was rung at ten of the 
clock, then leaped ibe horse of copper w'Oti 'iv<; c'av^ei^ 
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Rome ; and upon tliis pillar made he a lamp of glass that 
always burned without going out, and nobody might put 
it out ; and this lamp lightened over all the city of Rome 
from the one comer to the other, and there was not so 
little a street but it gave such light that it seemed two 
torches there had stand ; and upon the walls of the palace 
made he a metal man that held in his hand a metal bow 
that pointed ever upon the lamp for to shoot it out ; but 
always burned the lamp and gave light over all Rome. 
And upon a time went the burgesses' daughters to play 
in the palace and beheld the metal man ; and one of them 
asked in sport, why he shot not ? And then she came to 
the man and with her hand touched the bow, and then 
the bolt flew out, and brake the lamp that Virgilius made ; 
and it was wonder that the maiden went not out of her 
mind for the great fear she had, and also the other bur- 
gesses* daughters that were in her company, of the great 
stroke that it gave when it hit the lamp, and when they 
saw the metal man so swiftly run his way; and never 
after was he no more seen ; and this foresaid lamp was 
abiding burning after the death of Virgilius by the space 
of three hundred years or more. 

It is on the wrecks and ruins recorded in such fables as 
these that modern science is builded. 



IV. 



BENVENUTO CELLINI. 

" ^V[ OW we will leave the fairy tales," said Uncle Fritz, 

^^ " and begin on modem times." 

" Modem times means since 1492," said Alice, — " the 
only date in history I am quite sure of, excepting 1866." 

" Eighteen-hundred and sixty-six," said John Good- 
rich, — " the Annus Mtrabi/is, celebrated for the birth of 
Miss Alice Francis and Mr. J. G." 

" Hush, hush ! Uncle Fritz wants to say something." 

" We will leave the fairy tales," said poor chicken- 
pecked Uncle Fritz, " and begin with Benvenuto Cellini. 
Who has seen any of his work?" 

Several of the girls who had been in Europe remem- 
bered seeing gold and silver work of Benvenuto Cellini's 
m the museums. Uncle Fritz told them that the little 
hand-bell used on his own tea-table was modelled at 
Chicopee, in Massachusetts, from a bell which was the 
design of Benvenuto Cellini ; and he sent for the bell that 
the children might see how ingenious was the omamenta- 
tion, and how simply the different designs were connected 
together. 

He told Alice she might read first from Vasari's ac- 
count of him. Vasari*s book, which the children now 
saw for the first time, is a very entertaining one. Vasari 
was himself an artist, of the generation just following 



Michael Angelo. He was. indeed, the coutemporary of 
Raphael. But he is remembered now, nol for his pic- 
tures, nor for his worli in architecture, both of which were 
noted in his time, but for his lives of the most excellent 
painters, sculptors, and architects, which was first pub- 
lished in 1550. Benvenuto Cellini was born ten years be- 
fore Vasari, and here is a part of Vasari's life of him. 



LIFE OF BENVENUTO CELLINI. 

Benvenuto Cellini, citizen of Florence, l»rn in 1500, 
at present a sculptor, in his youth cultivated the gold- 
smith's business, and had no equal in that brancli. He 
set jewels, and adorned tliem with diminutive figures, 
exquisitely formed, and some of them so curious and 
fanciful that nothing finer or more beautiful can be 
conceived. At Rome he made for Pope Clement VII. 
a button to be worn upon his pontifical habit, fixing a 
diamond to it with the most ex(|uisite art. He was 
employed to make the sUraps for the Roman mint, 
and there never have been seen finer coins than those 
that were struck in Rome at that period. 

After the death of Pope Clement, Benvenuto retiuned 
lo Florence, where he made stamps with the head of 
Duke Alessandro, for the mint, wonderfully beautiful, 
Benvenuto, having at last devoted himself to sculpture 
and casting statues, made in France many works, while 
he was empioyed^at the Court of King Francis I. He 
afterwards came back to his native country, where he 
executed in metal the statue of Perseus, who cut off 
Medusa's head. This work was brought to perfecrion 
^le greatest art and dih'gence imaginable. 
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Though I might here enlarge on the productions of 
Benvenuto, who always shewed himself a man of great 
spirit and vivacity, bold, active, enterprising, and for- 
midable to his enemies, — a man, in short, who knew 
as well how to speak to princes as to exert himself in 
his art, — I shall add nothing further, since he has written 
an account of his life and works, and a treatise on . gold- 
smithes work as well as on casting statues and many other 
subjects, with more art and eloquence than it is possible 
for me to imitate. I shall therefore content myself with 
this account of his chief performances. 

Benvenuto was quite proud of his own abilities as a 
writer. Very fortunately for us he has left his own 
memoirs. Here is the introduction. 



BENVENUTO'S AUTOBIOGRAPHY. 

" It is a duty incumbent on upright and credible men 
of all ranks, who have performed anything noble or 
praiseworthy, to record, in their own writing, the events 
of their lives ; yet they should not commence this hon- 
orable task before they have passed their fortieth year. 
Such at least is my opinion, now that I have completed 
my fifty-eighth year, and am settled in Florence. 

" Looking back on some delightful and happy events of 
my life, and on many misfortunes so truly overwhelming 
that the appalling retrospect makes me wonder how I 
reached this age, in vigor and prosperity, through God's 
goodness, I have resolved to publish an account of my 
life. 

" My grandfather, Andrea Cellini, was still living when 
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I was about three years of age, and he was then above 
a hundred. As they were one day removing a water- 
pipe, a large scorpion, which they had not perceived, 
came out of it. The scorpion descended upon the ground 
and had got under a great bench, when I, seeing it, ran 
and caught it in my hand. This scorpion was of such 
a size that whilst I held it in my little hand, it put out 
its tail on one side, and on tlie other darted its two 
mouths. I ran overjoyed to my grandfather, crying out, 
' Grandfather, look at ray pretty litde crab ! ' The good 
old man, who knew it lo be a scorpion, was so frightened, 
and so apprehensive for my safety, that he seemed ready 
to drop down dead, and begged me with great eager- 
ness to give the creature to him ; but 1 grasped il the 
harder and cried, for I did not choose to part with it. 
My father, who was in the house, ran to us upon hearing 
the noise, and, happening just at that instant to espy a 
pair of scissors, he laid liold of them, and, by caressing 
and playing with me, he contrived to cut off the head 
and tail of the scorpion. Then, finding 1 had received 
no .harm from the venomous reptile, he pronounced it 
a happy omen." 



His father taught him to play upon the flute, and 
wished him to devote himself to music ; but his own 
inclinations were different. 

" Having attained the age of fifteen, I engaged myself, 
against my father's inclinations, with a goldsmith- named 
Antonio di Sandro, an excellent artist and a very worthy 
man. My father would not have him allow me any 
wsges; for this reason, that since I voluntarily applied 
myself to this art, I might have an opportimity to with- 
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draw whenever I thought proper. So great was my 
inclination to improve, that in a few months I rivalled 
the most skilful journeyman in the business, and began 
to reap some fruits from my labor. I continued, however, 
to play sometimes, through complaisance to my father, 
either upon the flute or the horn ; and I constantly drew 
tears and deep sighs from him every time he heard me. 
From a feeling of filial piety, I often gave him that satis- 
faction, endeavoring to persuade him that it gave me 
also particular pleasure. 

*•' Once when I was staying at Pisa, my father wrote 
to me in every letter exhorting me not to neglect my flute, 
in which he had taken so much pains to instruct me. 
Upon this, I entirely lost all inclination to return to him ; 
and to such a degree did I hate that abominable flute, 
that I thought myself in a sort of paradise in Pisa, where 
I never once played upon that instrument." 



At the age of twenty- three (in 1523), Cellini went to 
Rome, where he did much work for the Pope, Clem- 
ent VII. 

"About this time so dreadful an epidemic disease 
prevailed in Rome, that several thousands died every 
day. Somewhat terrified at this calamity, I began to 
indulge myself in certain recreations, as the fancy took 
me. On hoHdays I amused myself with visiting the 
antiquities of that city, and sometimes took their figures 
in wax ; at other times, I made drawings of them. As 
these antiquities are all ruinous edifices, where a number 
of pigeons build their nests, I had a mind to divert myself 
among them with my fowling-piece, and often returned 
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pat laden with pigeons of the largest size. But I never 
[ise to- put more than a single bnll into my \nece, and in 
b manner, being a good tnarksinan, I procured a con- 
|«rablc quantity of goine. The fowling-piece was, both 
I 'the inside and the outside, as bright as a looking-glass, 
kicwise made the powder as fine as the minutest dus^, 
a in the use of it I discovered some of the most 
BBirable secrets that ever were known till this time, 
Ben I had charged my piece with a quantity of powder 
Hal in weight to the fifth part of the ball, it carried two 
tdred paces, point blank. 

■-"While 1 was enjoying these pleasures, my spirits sud- 
ilj revived. I no longer had my usual gloom, and 
>X)rked to more purpose than wlien my attention was 
i>l]y engrossed by business; on the whole, my gun 
a«d rather to my advantage than the contrary, 
' M Italy was now up in arms, and the Constable 
Ubon, finding there were no troops in Rome, eagerly 
'Bnced with his army towards that capital. Upon the 
I'-s of his approach, all the inhabitants took up arms, 
engaged fifty brave young men to serve under me, and 
^ere well paid and kindly treated, 
" The army of the Duke of Bourbon having already 
keared before the walls of Rome, Alessandro del Bene 
.wested that I would go with him to oppose the enemy, 
-ontpUed, and, taking one of the stoutest youths with 
— we were afterwanis joined by another, — we came 
to the walls of Campo Santo, and there descried that 
fat army which was employing every effort to enter the 
Sm at that part of the wall to which we had approached. 
»ny young men were slain without the walls, where 
ty fought with the utmost fury ; there was a remarkably 
;ck mist. 
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" Levelling my arquebuse where I saw the thickest 
crowd of the enemy, I discharged it with a deliberate aim 
at a person who seemed to be lifted above the .rest ; 
but the mist prevented me from distinguishing whether 
he were on horseback or on foot. I then cautiously 
approached the walls, and perceived that there was an 
extraordinary confusion among the assailants, occasioned 
by our having shot the Duke of Bourbon ; he was, as 
I understood afterwards, that chief personage whom I 
saw raised above the rest." 



The Pope was induced by an enemy of Benvenuto, the 
Cardinal Salviati, to send for a rival goldsmith, Tobbia, to 
come to Rome. On his arrival both were summoned into 
the Pope's presence. 

" He then commanded each of us to draw a design for 
setting a unicorn's horn, the most beautiful that ever was 
seen, which had cost 1 7,000 ducats. As the Pope pro- 
posed making a present of it to King Francis, he chose to 
have it first richly adorned with gold ; so he employed us 
to draw the designs. When we had finished them we car- 
ried them to the Pope. Tobbia's design was in the form 
of a candlestick ; the horn was to enter it like a candle, 
and at the bottom of the candlestick he had represented 
four little unicorns' heads, — a most simple invention. 
As soon as I saw it, I could not contain myself so as to 
avoid smiling at the oddity of the conceit. The Pope, 
perceiving this, said, 'Let me see that design of yours.* 
It was the single head of a unicorn, fitted to receive the 
horn. I had made the most beautiful sort of head con- 
ceivable, for I drew it partly in the form of a horse's head, 
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and pan!y in iliat of .-i \vin'%, adofnrd with the finm wrt 
of wreaUis and other devices ; mi that no soonrr mi my 
design seen but the whole Court gnre it tJic [■refi.'mKe." 



Benvenuto continued to mnke many t«uiliful tidng* 
for Pope Clement VII. up to the liin« of hia dcaik. 
That Pope was succeeded in the papal chair by CanU- 
nal Farnese (Paul III.), on the ijlh ofOctotiw, 1534. 

" I had formed are.iolution to set om for i-rante, a* well 
because I perceived that ihe Pope's tivor wa* wiibdnwn 
from me by means of slanderers who misreptesenled mjr 
services, as for fear that those o( my enemies who bad 
most influence might still do me some grutcr in^ioy. For 
these reasons I was desiFoiis to remote to some other 
iwuntrj', and see whether fortune would there prote more 
&vorable to me. Leaving Rome, I bent my cotme to 
Florence, whence I travelled on to Bologna, Venice, and 
Kidua." 

He reached Paris, with two worlcmen whom he look 
with him from Rome, *' without roeetiog any ill accident, 
snd travelling on in unintemipied mirth." But being dis- 
satisfied with his recepHoD there, he returned instantly to 
Rome, where his fears were realized ; for he was arrested 
by order of the Pope, and made 3 prisoner in the Casde 
of St. Angdo. 

"This was the Bret time I «'er knew the inside of a 
prison, and I was then in my diirty-sevenih year. The 
constable of the Casde of Sl Angelo was a countryman of 
mine, a Florentine, named Signor Giorgio Ugolini, Tbb 
worthy gentleman behaved to me with the greatest polite- 
ness, permitting me to walk freely about the castle on ray 
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parole of honor, and for no other reason but because he 
saw the severity and injustice of my treatment. 

" Finding I had been treated with so much rigor in 
the affair, I began to think seriously about my escape. 
I got my servants to bring me new thick sheets, and did 
not send back the dirty ones. Upon their askiiig me for 
them, I answered that I had given them away to some of 
the poor soldiers. I pulled all the straw out of the tick of 
my bed, and burned it ; for I had a chimney in the room 
where I lay. I then cut those sheets into a number of 
slips each about one third of a cubit in width ; and when 
I thought I had made a sufficient quantity to reach from ' 
the top to the bottom of the lofty tower of the Castle of St. 
Angelo, I told my servants that I had given away as much 
of my linen as I thought proper, and desired they would 
take care to bring me clean sheets, adding that I would 
constantly return the dirty ones. 

" The constable of the castle had annually a certain 
disorder which totally deprived him of his senses ; and 
when the fit came upon him, he was talkative to excess. 
Every year he had some different whim : one time he 
fancied himself metamorphosed into a pitcher of oil ; an- 
other time he thought himself a frog, and began to leap 
as such ; another time he imagined he was dead, and it 
was found necessary to humor his conceit by making a 
show of burying him ; thus he had every year some new 
frenzy. This year he fancied himself a bat, and when he 
went to take a walk, he sometimes made just such a noise 
as bats do ; he likewise used gestures with his hands and 
body, as if he were going to fly. His physicians and his 
old servants, who knew his disorder, procured him all the 
pleasures and amusements they could think of, and as 
they found he delighted greatly in my conversation, they 



requently came to me to conduct me to his apartment, 
i-here llie poor man often detained me three or four hours 
ijiatting with him. 

" He asked me whether I had ever had a fancy to gy. 
[ answered that I had always been very ready to attempt 
lUch things as men found most difficult; and that with 
Pegard to flying, as God had given me a. body admirably 
well calculated for running, I had even resolution enough 
to attempt to 3y. He then proposed to me to explain 
how I could contrive it. I replied that when I attentively 
considered the several creatures that fly, and thought of 
effecting by art what they do by the force of nature, I did 
Dot find one so fit to imitate as the bat. As soon as the 
poor man heard mention made of a bat, he cried out aloud, 
* It is very true ! a bat is the thing.' He then addressed 
himself to me, and said, ' Benvenuto, if you had the oppor- 
tunity, would you have the heart to make an attempt to 
fly?' I answered that if he would give me leave, I had 
courage enough to attempt to fly by means of a pair of 
(rings waxed over. He said thereupon, ' I should like to 
see you fly ; but as the Pope has enjoined rae to watch 
Over you with the utmost care, I am resolved to keep you 
locked up with a hundred keys, that you may not slip out 
of Diy hands.' I said, before all present, 'Confine me as 
close as you please, I will contrive to make my escape, 
notwithstanding,' " 

At niglit, with a pair of pincers which he had secured, 
he removed the nails which fastened the plates of iron fixed 
upon the door, imitating with wax the heads of the nails 
he took out, so that their absence need not be seen. 

" One holiday evening, the constable beiug very much 
disordered, he scarce said anything else but that he was 
become a bat, and desired his peo^k vWX '\^ "2)e,\«e,-»ACi 
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^^BiOiiM happen to escape, they should lake no notice ofH 
^^^r he must soon catch me, as he should doubtlessly 
^^ftetter able to fly by night than I ; adding, ' Beii\eGui6! 
^^Rmly a counterfeit bat, but I am a bat in real earnest.' 

" As I had formed a resolution to attempt my esc^ 
that night, I began by praying fervently to Almighty On 
that it would please him to assist me in the entetiwl 
Two hours before daybreak, I took the iron plates fia 
the door with great trouble. I at last forced the door.O 
having taken with me my slips of linen, which I had loBl 
up in bundles with the utmost care, I went out and i 
upon the right side of the tower, and leaped upon twolii 
of the roof with tlie greatest ease. I was in a "W 
doublet, and had on a pair of white half-hose, over "(A 
I wore a pair of little light boots, that reached IiaU-« 
up my legs, and in one of these I put my dagger. I ill 
took the end of one of my bundles of long slips, whifi 
had made out of the sheets of my bed, and fastened il' 
one of the tiles of the roof that happened to jut M 
Then letting myself down gendy, the whole weight of I 
body being sustained by my arm, 1 reached the grw* 
It was not a moonlight night, but the stars shone i 
resplendent lustre. When I had touched the groiffli 
first contemplated the great height whidi I had descoa 
with so much courage, and then walked away in hi^j 
thinking I had recovered my liberty. But I soon ftl 
myself mistaken, for the constable had caused two pO 
high walls to be erected on that side, I managed W 
a long pole against the first wall, and by the strenglk 
L my arms to climb to the top of it. I then fastened! 
K other string of slips, and descended do\vn the steep fl 
H " There was still another one ; and in letting mysdf (tO 
W being unable to hold oul an-j \oi\^et, I fell, and, stiS 
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rMK-xnd 1 halC ts acarif M ! can goes. 
Ibc tlA> ifg'""'^ 10 break, tbc cool bcccxc thai {*c- 
cedes Ux naag of ;te tat \xca^it toe to mf ttaaes ; 
hu I e cmqv p J s fvsnge aauioa Oat I bad bccD be- 
headed, and «u tfaca in |iu r galw; . I reooveml tqr 
degrees tny socogdt and poiren, sad, perce mn g dut 
I had got out of dK caadc. I sooa rcotllectcd all thai 
had be&Den me. Vpao aBaupCia g to ntc tmm ihe 
pound, 1 found tiui my rigfat leg ws Ivoken. three 
mcbes aba%-e the bed, wfaidi ihrew okc into s trmlile coa- 
aeniatioo. CtUiing wilh my dagger die pafl of my tumg 
of slips I bad left, I bandaged ray leg as wrll itt 1 muld. 
I Uieo ctept OD my hands and knees towards the gate with 
roy d^igger in my hand, and ejected my cgms. It uraa 
about five hundred paces from the pWc where I had 
had my fall to the gate by which I entered the city. It 
was ikea broad daylight. As I happened to meet w-ith a 
water-carrier, wbo had loaded his ass, and filled his ves- 
sels with water, I called to him, and begged he would put 
me upoo the beast's back, and cany me to the landing- 
place of the steps of St. Peter's Church. I offered to give 
him a gold crown, and, so saying, I clapped tny h:ind 
upon my purse, which was very well lined. The honest 
waterman instantly look me upon his back, and carried 
me lo the steps before St. Peter's Church, where I desired 
him to leave me and nm back to his ass. 

" Whilst I was crawling along upon all four, one of the 
servants of Cardinal Comaro knew me, and, running im- 
mediately to his master's apartment, awakened him out of 
his sleep, saying to him, ' My most reverend Lord, here U 
your jeweller, Benvenuto, who has made his escape out 
1 foitf. (Bii» 
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l>esmeared with blood.' The cardinal, the moment h 
heard this, said to his servants, ' Run, and bring hii 
hither to my apartment upon yoiir backs." When I cant 
into his presence the good cardinal bade me fear nothini 
and immediately sent for an excellent surgeon, who » 
the bone, baiidaged my leg, and bled me. The cardins 
then caused me to be put into a private apartment, i 
went directly to the Vatican, in order to intercede in in 
behalf with the Pope. 

"Meanwhile the report of my escape made : 
noise alt over Rome ; for the long string of sheetiil 
fastened to the top of the lofty tower of the castle h 
excited attention, and the inhabitants ran in crowds! 
behold the sight. By this time the frenzy of the cons* 
ble bad reached its highest pitch ; he wanted, in spit 
of all his servants, to fly from the same tower hirast 
declaring there was but one way to retake tne, u 
that was to fly after me. He caused himself to be ci 
ried into the presence of his Holiness, and began a le 
rible outcry, saying tliat I had promised him, upon d 
honor, that I would not fly away, and had flown sm 
notwithstanding." 

Tlie Cardinal Comaro, however, and others inteiceA 
for Benvenuto with the Pope, on account of his i 
age, and the extraordinary efforts of his ingenuity, « 
seemed to surpass human capacity. The Pope said t 
had intended to keep him near his person, and to prevd 
him from returning to France, adding, " I am concstiM 
to hear of his sufferings, however. Bid him take tan 
his health ; and when he is thoroughly recovered, it sl 
be my study to make him some amends for his p 
troubles." He was visited by young and old, persoDII 
grants. 



After this, Benvenuto went once more to France, where 
: was received with high consideration by Francis I., 
who gave him, for his home and workshop in Paris, a 
large old castle called the Nesle, of a triangular form, 
close to the walls of the city. Here, with workmen 
brought with him from Italy, he began many great works. 
Being thus become a favorite of the king, I was uni- 
versally admired. As soon as 1 had received silver to 
make it of, I began to work on the statue of Jupiter, and 
look into my service several journeymen. We worked 
day and night with the utmost assiduity, insomuch that, 
having finished Jupiter, Vulcan, and Mars in earth, and 
Jupiter being pretty forward in silver, my shop began to 
make a grand show. Just about this time the king made 
his appearance at Paris, and I went to pay my respects to 
him. When his Majesty saw me, he caDed to me in high 
spirits, and asked me whether 1 had anything curious to 
show him at my shop, for he intenrled to call there. I 
told him of all 1 had done, and he expressed an earnest 
(jesire to see my performances ; and after dinner that day, 
all the nobility belonging to the Court of France repaired 
to ray shop. 

"I had just come home, and was beginning to work, when 
the king made his appearance at my castle gate. Upon 
hearing the sound of so many hammers, he commanded 
his retinue to be silent. All my people were at work, so 
that the king came upon us quite unexpectedly. As he 
entered the saloon, the first object he perceived was my- 
self with a large piece of plate in my hand, which was to 
make the body of Jvipiter ; anotlier was employed on the 
head, anotfier again on the legs, so that the shop re- 
sounded with the heating of hammers. His Majesty was 
highly pleased, and returned to his palace, a.tl« Va-vm^ 



conferred so many favors on me thai it would be ledioui 
to enumerate tlicm. 

" Having with the utmost diligence finished the beatf 
tiful statue of Jupiter, with its gilt pedestal, I placed B 
upon a wooden socle, which scarce made any appearanu, 
and within that socle I fixed four little globes of wood, 
which were more than half hidden in their sockets, and ffl 
contrived that a litlle child could widi the utmost ease 
move this statue of Jupiter backwards and forwards, at 
turn it about. I took it with me to Fontainebleau, whe 
the King then resided. I was told to put it in the gallery, 
— a place which might be called a corridor, about P 
hundred paces long, adorned and enriched ivith picWKf 
and pieces of sculpture, amongst them some of the finest 
imitations of the antique statues of Rome, 
introduced my Jupiter ; and when I saw this great diaplq 
of the wonders of art, I said to myself, ' This is like pas 
ing between the pikes of the enemy j Heaven protect o 
from all danger ! ' 

" This figure of Jupiter had a thunderbolt in his ligl 
hand, and by his attitude seemed to be just going t 
throw it ; in his left I had placed a globe, and amonp 
the flames I had with great dexterity put a piece of wMl 
torch. On the approach of night I lighted the torcha 
the hand of Jupiter ; and as it was raised somewhat abOT 
his head, the light fell upon the statue, and caused it to a] 
pear to much greater advantage than it would otherwise ha» 
done. When I saw his Majesty enter with several gra 
lords and noblemen, I ordered ray boy to push the £■ 
before him, and this motion, being made wii 
contrivance, caused it to appear alive ; thus the other fi 
ures in the gallery were lefl somewhat behind, and the ej< 

all tJje beliolders were first struck with my performano 
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" The king immediately cried out : ' This is one of the 
finest productions of art that ever was beheld. I, who take 
pleasure in such things and understand them, could never 
have conceived a piece of work the hundredtb part so 
beautiful ! ' " 



Cellini, however, who was exacting and sensitive, be- 
came dissatisfied wid\ the treatment of the King of 
France ; and, leaving his workmen at his tower of the 
^ JJesle, he returned to Italy, and engaged in the service of 
Cosmo de" Medici, Grand Duke of Tuscany, who assigned 
him a house to work in. 

■His chief performance here was a bronze statue of 
IS for the fine square before the PaWzo Vecchio. 
iinany drawbacks, doubts, and difficulties, — 
now look courage, resolving to depend on myself, 
banished all those thougjits which from time to time 
ioned me great inrjuietude, and made me sorely re- 
it my ever having quitted France, I still flattered my- 
that if I could but finish my statue of Perseus, all 
ly labors would be converted to delight, and meet with 
glorious and happy reward. 
This statue was intended to be of bronze, five ells 
in height, of one piece, and hollow. I first formed my 
;1 of clay, more slender than the statue was intended 
I then baked it, and covered it with wax of the 
of a finger, which I modelled into the perfect 
the statue. In order to effect in concave what 
wax represented in convex, I covered the wax with 
[jilay, and baked this second covering. Thus, the wax 
dissolving, and escaping by fissures left open for the pur- 
pose, I obtained, between the first model and fcc ^,e,cQ'i\i 
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'criiig, a space for the inlroduriion of the metal, b 
order to introduce the bronze without moving the fia 
model, I placed the moiiel in a pit dug under the fumacf, 
and by means of pipes and apertures in the model itself 
I meant W introduce the liquid metal. 

'• After I had made its coat of earth, covered it we]l,8l 
bound it properly with irons, I began by means Of a. 
fire to draiv off the wax, which melted away by n 
vent-holes, — for the more of these are made, tlie beUM 
the moulds are filled ; and when I had entirely strii^d 
ofiF ihe wax, I made a sort of fence romid my Perse^ 
that is, round the mould, of bricks, piling them o 
another, and leaving several vacuities for the fire to eibd4 
at I next began gradually to put on the wood, and fcq 
a constant fire for two days and two nights, till, thcKl 
being quite off and the mould well baked, I began tod 
a hole to bury my mould in, and observed all those fii 
methods of proceeding that are proscribed by our < 
When I had completely dug ray hole, I took my n 
and by means of levers and strong cables directed it wi 
care, and suspended it a cubit above the level of 4 
furnace, so that it hung exactly in the middle of the hd 
I then let it gently down to the very bottom of d 
furnace, and placed it with all the care and exactne^ 
possibly could. After I had finished this part of myM 
I began to make a covering of the very earth I had tJM 
off; and in proportion as I raised the earth, 1 madcvCl 
for it, of a sort of tubes of baked earth, generally usedl 
conduits, and other things of a similar nature. 

" I had caused my fiimace to be filled v 
pieces of brass and bronze, and heaped them upon t( 
another in the manner taught us by our art, i 

to leave a passage for the fianaes, J 
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metal might the sooner assume its color, and du let none 
a fluid. Thus, with great alacrity, I excited ra:h cases 
lay on the pine-wood, which, because of the oliOd one 
the resinous matter that oozes from the pine-tree and'ou, 
pay furnace was admirably well made, burned at such a 
rate that I was continually obliged to run to and fro, 
nrliich greatly fatigued me. I, however, bore the hard- 
fliip ; but, to add to ray misfortune, the shop took fife, 
Wd we were all very much afraid that the roof would fall 
!n and crush us. From another quarter, that is, from the 
g^den, the sky poured in so much rain and wind that 
it cooled my furnace, 

"Thus did I continue to struggle with these cross acci- 
dents for several hours, and exerted myself to such a 
degree that my constitution, though robust, could no 
tonger bear such severe hardship, and I was suddenly 
attacked by a most violent intermitting fever ; in short, 
t was so ill that I found myself under a necessity of lying 
town upon my bed. This gave me great concern, but 
t was unavoidable. I thereupon addressed myself to 
ny assistants, who were about ten in number, saying 
:o them : ' Be careful to observe the method which I have 
ihown you, and use all possible expedition ; for the metal 
pill soon be ready. You cannot mistake ; these two 
porthy men here will quickly make the orifices. With two 
luch directors you can certainly contrive to pour out the 
lot metal, and I have no doubt but my mould will be 
illed completely. I find myself extremely ill, and really 
jelieve that m a few hours this severe disorder wilt put 
fan end to my life.' Thus I left them in great sorrow,. 
Bnd went to bed. I then ordered the maids to carry 
hrictuals and drink into the shop for all the men, and told 
kbem I did not expect to live till the next ii\dtowi% \"o. 
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■ring, i^^'' tl'^ ' continue for tw-o houn in aiiolflC 
^der lo"''^'' I every nao me nt perceived 10 increase,™ 
model, icessaniJy crj-ing out, " I am dying, I am Jjinj' 
anrl '-Vly housekeeper was one of the most aensiUe iwl ( 
■affectionate women in the world. She rebuked 
giving way to vain feare, and at the same time 
me with ihe greatest kindness and care imaginaUe; 
ever, seeing me so very ill, and terrified to such 
she could not contain herself, but shed a flood of 
which she endeavored to conceal from me. WhDsl 
were both in this deep aiilictiou, I perceivei 
the room, who in his person appeared to t 
and distorted as a great S, and began to express hiw 
in these terms, in a dismal and melancholy voice; '^ 
poor Benvenuto, your work is spoiled, and the nusfoon 
admits of no remedy.' 

" No sooner had I heard the words uttered by * 
messenger of evil, but I cried out so loud that my w 
might be heard to the skies, and got out of bed 
began immediately to dress, and, giving plenty of 1* 
and cuffs to the maidservants and the boy as ihey oft 
to help me on with ray clothes, I complained ' 
terly in these terms : ' Oh, you envious and trei 
wretches, this is a piece of villany contrived 
but I will sift it to the bottom, and before I die give ! 
proofs who I am as shall not fail to astonish the ■ 
worid.' Having huddled on my clothes, I went, « 
mind boding evil, to the shop, where I found al I 
whom I hnd leit so alert and in such high spirits, S 
ing in the utmost confusion and astonishment. I( 
upon addressed them thus : ' Listen, all of you, 10 
I am going to say; and since you either would a 
ouli] not follow the method I pointed out, obeyini 



My vorfc is before us : and let none 
y oppose or coDtnuiict me, for soch cases 
: activity and not counsel.' Hereupon one 
1 the assurance to say to me, ' Look von, 
I have undertaken a H-oit which our an 
, and which is not to be effected by 
I power.' 
Bearing these words, I lunied round in such a pas- 
i seemed so bent upon mischief, that both he and 
tetcst unanimously cried out to me, ' Give your orders, 
e iffll all second you in whatever you command ; we 
4 long as we have breath in our bodies." 
■ kind and affectionate words they uttered, as I 
jr believe, in a pereuasion that I was upon the poiut 
[riring. I went directly to examine the fumace, and 
letal in it concreted. I thereupon ordered 
f Ihe helpers to step over the way to a butcher for 
g<)f young oak which had been above a year drying, 
already offered to me, 

e the first bundles of it, I began 

i aori of oak makes a brisker fire 

! ver; but the wood of elder- 
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loud voice cried out to my men to bestir themselves a 
lend a helping hand ; so that when they saw ihat the c 
creied metal began to melt again, the whole body obeyefl 
me with such zeal and alacrity tiiat every mar 
work of three. Then I caused a mass of pewter weighiq 
about sLvty pounds to be thrown upon the metal ii 
furnace, which, with the other helps, as the brisk « 
fire, and stirring it sometimes with iron and sometimd| 
with long poles, soon became completely dissolve 
Finding that, contrarj- to the opinion of my i 
assistants, I had effected what seemed as difficult i 
raise as the dead, I recovered my vigor to such a 
that I no longer perceived whether I had any fever, i 
had I the least apprehension of death. 

" Suddenly a loud noise was heard, and a glitteriw 
of tire flashed before our eyes, as if it had been the d 
ing of a thunderbolt. Upon the appearance of this t 
traordinary phenomenon terror seized upon all preser 
and none more than myself. This treinendc 
being over, we began to stare at each odier, and pel 
ceived that the cover of the furnace had burst a 
off, so that the bronze began to run. 

" I immediately caused the mouths of my mould to % 
opened ; but, finding that the metal did not run with tj 
usual velocity, and apprehending that the cause of it n 
that the fusibility of the metal was mjured by the violent 
of the fire, I ordered all my dishes and porringt 
which were in number about two hundred, to be place! 
one by one before my tubes, and part of them to 1 
thrown into the furnace ; upon which all present \ 
ceived that \ny mould was filling ; they now with joy a 
alacrity assisted and obeyed me, I, for my part, 

one place, sometimes in another, givil^ 
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my d e on and a sisting my men, before whom I of- 
fered up h s p aye ' O God, I address myself to thee. 
\ acknowlodj,e n gratitude this mercy, that my mould 
has been f ed I f 11 prostrate before thee, and with my 
whole heart re urn hanks to thy divine majesty.' 

" My prayer bemg over, I took a plate of meat whi^h 
jltood upon a little bench, and ate with a great appetite. 
.] then drank mth all iny journeymen and assistants, and 
went joyful and in good health to bed ; for there were still 
(wO hours of night, and I rested as well as if I had been 
lubled witb no disorder. 

" My good housekeeper, without tny having given any 
ttders, had provided a good ca[jon for tny dinner. When 
•ose, which was not till about noon, she accosted me in 
•x spirits, and said merrily, ' Is this the man that thought 
iself dying? It is my firm belief that the cufTs and 
you gave us last nigbt when you were quite frantic 
possessed, frightened away your fever, which, appre- 
nding you should fall upon it in the same manner, took 
flight' So my whole poor family, having got over such 
'jiEuiics and hardships, without delay procured earthen ves- 
[-*els to supply the place of the pewter dishes and porrin- 
and we all dined together very cheerfully ; indeed, 
■I do not remember having ever in my life eaten a meal 
■■Ifrith greater satisfaction or a better appetite. After din- 
Stker, all those who liad assisted me in my work came and 
JSODgratulated mq upon what had happened, returned 
thanks to the Divine Being for having interposed so merci- 
j^jlly in our behalf, and declared that they had in theory and 
k^ractice learnt such things as were judged impossible by 
ither masters. I thereupon thought it allowable to boast a 
of my knowledge and skill in this fine art, and, puU- 
it my purse, satisfied all my workmen for tWeii Valoot, 



80 STORIES OF INVENTION. 

" Having left my work to cool during two days after it 
was cast, I began gradually to uncover it. I first of all 
found the Medusa's head, which had come out admirably 
by the assistance of the vents. I proceeded to uncover 
the rest, and found that the other head — I mean that of 
Perseus — was likewise come out perfectly well. I went 
on uncovering it with great success, and* found every part 
turn out to admiration, till I reached the foot of the 
right leg, which supports the figure. I found that not only 
the toes were wanting, but part of the foot itself, so that 
there was almost one half deficient. This occasioned me 
some new trouble ; but I was not displeased at it, as I 
had expected this very thing. 

** It pleased God that as soon as ever my work, although 
still unfinished, was seen by the populace, they set up so 
loud a shout of applause, that I began to be somewhat 
comforted for the mortifications I had undergone ; and 
there were sonnets in my praise every day upon the gate, 
the language of which was extremely elegant and poetical. 
The very day on which I exhibited my work, there were 
above twenty sonnets set up, containing the most hyper- 
bolical praises of it. Even after I had covered it again, 
every day a number of verses, with Latin odes and Greek 
poems, were published on the occasion, — for it was then 
vacation at the University of Pisa, and all the learned men 
and scholars belonging to that place vied with each other 
in writing encomiums on my performance. But what gave 
me the highest satisfaction was that even those of the pro- 
fession — I mean statuaries and painters — emulated each 
other in commending me. In fact, I was so highly praised, 
and in so elegant a style, that it afforded me some allevi- 
ation for my past mortification and troubles, and I made 
all the haste I could to put the last hand to my statye. 



I?. CELUNFS DEATH. SV 

" At last, as it pleased the Almighty. I completely fin- 
jed my work, and on a Thursday morning exhibited it 
lly. Just before the break of day so great a crowd gath- 
ed about it, that it is almost impossible for me to give 
e reader an idea of their number ; and they all seemed 

vie with each other who should praise it most. The 
ike stood at a lower window of the palace, just over the 
te, and, being half concealed within side, heard all that 
IS said concerning the work. After he had listened sev- 
U hours, he iefi the window highly pleased, and sent 
: this message : ' Go to Benvenuto, and tell hira from 
f that he has given me higher satisfaction than I ever 
peeled. Let him know at the same lime that I shall 
faid him in such a manner as will excite his suqirise. 



rhe manuscript of Benvenuto's Life is not carried mm 
Jier. The narrative breaks oif abruptly in 1562, when 
Uini was in the siMy-second year of his age. He does 
: appear from this time to have been engaged in any 
rk of much importance. After the execution of his 
md achievement of the Perseus, the narrative of his life 
tins to have been the most successful of all the labors 
,his declining years, 

Qn the 15th day of February, 1570, this extraordinary 
ill died. He was buried, by his own direction, with great 
pera] pomp. A monk who had been charged to com- 
KC the funeral sermon, in praise both of his life and 
«is and of his excellent moral qualities, mounted the 
'pit and delivered a discourse which was higlily approved 
(he whole academy and by the people. They slniggledT 
ccier the chapter, as well to see the body of Eenvi 
^ as to hear the commendation of his good c^iia.Uti 
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BERNARD PALISSY. 



'npWO or three of the girls had dabbled a litfle in p 
-*■ ing on porcelain, and several of ihem had becoiB 
terested in various sorts of pottery. Mabel had bee 
Newburyport, on a visit with some friends who had a 
ter's wheel of their own; and she had turned for hfi 
and had had baked, some vases and dishes which 
had brought home with her. 

Tliis tempted them all to make a party, in whict 
eral of the boys joined, to go to the Art Museum u 
the exquisite pottery there, of different sorts, aocieBl 
modem. There they met one of the gentlemcH I 
large firm of dealers in keraniics ; and he ask( " 
go through their magnificent establishment, and s« 
collection, which is one of great beauty. It short- 
eral of the finest styles of manufacture in ve 
specimens. 

This prepared them to see Japanese work. Arfl 
Uncle Friti heard of this, he asked Professor MftS 
Salem, if he would show them his marvelloas coUertSl 
Japanese pottery. Professor Morse lived in Japan M 
very favorable auspices, and he made there a wOM 
collection of the work of the very best artists. So P 
six of the young people went down to Salem, at te 
kind invitation, and saw tiiere what is one of the 1 
collections in the world. 



All this interested them in what now receives a great 
al of attention, the manufacture and ornament of pot- 
ly. The word keramies is a word recently added to the 
nglish language to express the art of making pottery and 
r ornamenting it. 

When Uncle Fritz found that they really wanted to 
now about such things, he arranged that for one after- 
Don they should read about 



BERNARD PALISSY THE POTTER. 

■Bernard Palissy was bom, about 1510, in the little town 
^ BUron, in P^rigord, France. He became not only £ 
Sat artist, but a learned physician, and a miter of merit. 
Bom of poor parents of the" working- class, he had to 
Ti some trade, and early applied himself to working 
ss, not as a glazier, but staining it and cutting it up in 
l^ bits, to be joined together mth lead for the colored 
l<iows so much used in churches. This was purely 
Chanical work ; but Bernard's ambition led him to study 
i^'ing and color, that he might himself design and 
-Cute, in glass, scenes from the Bible and lives of the 
its, such as he saw done by his superiors, 
jVhen be was old enough, curious to see the world and 
■Tl new things, he took a journey on foot through sev- 
< provinces of France, by observation thus supplying the 
^ci9 of his early education, and reaping a rich harvest 
^cts and ideas, which developed the qualities of his 
diligence, 
tt was at this time that the Renaissance in Art w 

itself felt throughout Europe, Francis I. of Fran 
louraged al! forms of good work by his -pattQWi^ja ■» 
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asd ■fcucvu he vcM dtc toung Paltsy- was Sbj 
jMil iMi f ^t d hy Ife si^ of bmitifiil thingSL 

AMmr, an dcffnt knxl cf poueiy, stuacied his 
tioL IliE afip^ocd fast in the fQurteeDiii ceniuiy. 1h 
Anbt Ind kng biovD die an of raaking liks of i 
taamAed sad ncUr oniameDted. Tbey brought iti 
^^B, IS is sfacwii in ibc ikcorations of tbe All 
ScrSe and cfaoberc Litcca delta Rotibia in l^\ 
brangbt tike an to peifrctkin, by mokiiig figi 
povfis of ^nes id higti relief, of baked clsy 
with duoing taiaaA, white, tmled with various 
IbekmdafwatfcaHedMi^Midiirered framlbe 
; b^ some changes id the material used 
In the midde of tbe sixieentb centoif 
puntiiigs were executed id faiencei 
AB the cities of ItaJv \ied with ea*i 
g wondets in this son of work ; it is f 
of them, FieD^ that it takes its nanie. The 
of mdung the enamel was a deep seem ; but 
Mnsy, with long patience and after ouny lailu 
ceeded in discovering it, — or, rather, in invenl 
himself anew method, which in some inspects 
theoM. 

Palissy was the author of several essays, or "' 
cootses;" aDd from one of these, written in qusul*! 
French, we have his own account of his inventioit 

He married and settled down in the year 
a good income from his intelligent industry. 
pleasant little house in the country, where, as 
could rejoice ia the sight of green hills, where ' 
ing and gambolling lambs, sheep, and goats." 

An incident, apptarently slight, disturbed this 
ncstic happiness. He came across a cup of 
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pottery, doubtless from Italy. "This cup," he says, " was 
of such beaut)', that, from the tnoment I saw it, 1 entered 
into a dispute with myself as to how it could have bceu 
made." 

Enamel is nothing more than a kind of gla/.e colored 
with metallic acids, and rendered ojiaiiue by the mixture 
of a certain quantity of tin. It is usually spread upon 
metal, when only it is properly called enamel ; but this 
glaze can also be put upon earthenware. It makes 
vessels water-light, and gives them brilliancy of surface. 
To lind out how lu do this was to moke a revolution in 
die keramic art 

In France, in the sixteenth century, the only vessels, 
such as jugs or vases, were made either of metal, wood, 
or coarse porous pottery, through which water could pene- 
trate ; like the goulehs of the Arabs, or the cantaras of the 
Moors, which are still used for iVesh water to advantage, 
Hnce the evaporation of the drops keeps the water cold. 

Many attempts had been made to imitate the beautiful 
and costly vases of China ; but no one succeeded until the 
potters of Italy found out how to make faience. The 
discovery was hailed as a most valuable one. The princes 
who owned the works guarded tJieir secret with jealous 
Care, — to betray it would have been punished by death; 
so that Bernard Palissy had no hope of being taught how 
it was done, even if he should go to the places in Italy 
I where the work was carried on. 

"But," he says, "what others had found out, I might 
also discover ; and if I could once make myself master of 
the art of glazing, I felt sure I could elevate pottery to a 
degree of perfection as yet unknown. What a glory for 
name, what a benefit to France, if I could establish 
lustry here in ray own land 8 
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He turned and turned the cup in his fingers, i 
the brilliant surface. "Yes," he said at last ; " it sha 
so, for I choose 1 I have aheady studied the s 
I wil! work still harder, and reach my aim at last" 

Exceptional detenu iuali on of character was neede 
such an object. PaJissy knew nothing about the c 
nent parts of enamels ; he had never even seen the 
cess of baking clay, and he had to begin with the 
simplest investigations. To study the different Itiw 
earth and clay, to acquire the arts of moulding and 1 
ing, and to gain some knowledge of chemistry, all 
were necessary. But he did not flinch, and pursue) 
idea with indomitable perseverance. 

" Moving only by chance," he saj's, " like a man j 
ing in the dark, 1 made a collection of all the d 
substances which seemed at all likely to make e 
and I. pounded them up fine ; then I bought £31 
pots, broke them into small bits, numbered these p 
and spread over each of them a different combinaL 
materials. Now I Jiad to have a furnace in which V>\ 
my experiments. I had no idea how furnaces were 
ally made ; so I invented one of my own, and set it 
But I had no idea how much heat was required toi 
enamels, — perhaps I heated my furnace too much, 
haps not enough ; sometimes my ingredients i 
burned up, sometimes they melted not at all ; or else t 
were turned to coal, while others remamed unc 
by the action of the fire." 

Meanwhile the resources of the unlucky workman 
fast diminishing ; for he had abandoned his usual woi 
which he earned liis living, and kept making new fun 

with great expense and trouble, and a great c 
of time and firewood." 
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This state of affiirs much displeased hii wife who torn 
plained bitterly, and tried to dnert h(.r husband from an 
Occupation which earned for hira nothing but d iappoint- 
.meot. Ttie cheerlul httle househiU changed its aspect j 
ildren were no longer wlII dressed and ibe sJiabby 
empty cupboards betrajed the decay which 
ling upon the family The father saw with pro 
grief the wants of his household bit success 
seemed ever so near to hini, that he could not bear to give 
il up. His hope at that time was but a mirage ; aod for 
long afterwards, in this struggle between intelligence and 
Ihe antagonism of material things, ill fortune kept the 
Upper hand. 

One day, tired out by his failures, it occurred to him 

at a man brought up to baking pottery would know 
bow to bake his specimens better than he could, 

I covered tliree or four hundred bits of broken vase 
Iffith different compounds, and sent them to a fabrique 
Kbout a mile and a half from my house. The potters 
tonsented to put my patterns with their batch for the oven. 
Full of impatience, I awaited the result of this experi- 
Bient. I was on hand when my specimens came out. I 
looked them anxiously all over ; not one was successful ! 

The heat had not been strong enough, but I did not 
KDOw this ; I saw only one more useless expense of 
jnoney. One of the workmen came to me and said, ' You 
will never make anytiiing out of tJiis ; you had better go 
back to your own business.' " 

PaLssy shook his head ; he had still in his possession 
some few valuable articles, souvenirs of happier days, 
which he could sell to renew his experimenfs. In spite 
of ihe reproaches of his wife, he bought more ingredients 
and more earthenware, and made new combiTia.'CiQtti. 
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Failure again ! However, he would not be beats 
Some friends lent him a little money ; he sat up at ni 
lo make new mixtures of different substances, all preparS 
with such care that he felt sure some of them must i 
good. Then he carried them again to the potters, w 
he urged to the greatest care. They only shrugged tiv 
shoulders, and called him "crack brain;" and when I 
batch was done, they brought the results to Palissjw 
jeers. Some of the pieces were dirty while; others gta 
red, or smoked by the fire ; but all alike in being d 
and worthless. 

It was over. Discouragement look possession of I 
lissy. "I returned home," he says, "full of co 
and sadness. Others might seek the secret of e 
I must set to work and earn money to pay my del 
and get bread for the family." 

Most luckily for him at this time, a task was givenl 
by government, for which he was well suited, and n" ' 
brought him good pay. The king, Francis I., b( 
had, like many another sovereign, some diiScully with 
faithful subjects in the matter of imposts, now fouod 
necessary to make a new regulation of taxes ; and fiir ll 
among other things, an inspection of the salt c 
the coasts of France was needed, in order to name i 
right sums for taxation, and a knowledge of s 
was required as well Palissy was appointed ; and to I 
great delight of his family, who thought that his n 
would now be forever diverted from the search for ena 
he set forth to explore the islands and the shores of "Fna 
He drew admirable outlines ofthe forms of the saltn 
flod wrote with eloquence upon the sublimity of Uic it 

Ease and comfort came back. His task w 

It debts were ptdd, and ^knty of money rem 
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The firei thing he saw on rcuminit bcxnc, aLt^ '. wm liie 
cup, — liis joy and despair. " How bcjuitiful it i* t hirw 
Krilliant 1 " tie ex':laimc<l ; and once more he threw biin- 
eeir into the pursuit of tlie elusive enamel. 

It was easy to see that the so nouch admired faience of 
Italy was simply common baked clay, covered with tome 
Bubslance glazed by heat, but so composed an to oilhcrc 
to the surface after it had cooled. Bui what substance ? 
He had tried all sons of maicrials; why had none of 
them melicd? Faliiisy at iL^ngth ilcdiJcfl lliat ilie fbult 
had been in using the comcnon potter's furnace. Since 
the materials were to be vitrified by the [>roccis, they 
should be baked like glass. He broke up three duxen 
pots, pounded up a great quaniily of different ingrcdienu, 
and spread them with a brush on ihe fragment:* ; then be 
carried them to the nearest glass-works. He was allowed 
to superintend Ihe baking himself) ha put the specimens 
in the oven, and paiscd the night attending the fire. In 
the morning he took them ouL " Oh, joy I Some of the 
coinpoun<ls had begun to melt ; there was no perfect 
glaze, only a sign that I was on the right road." 

It was, however, still a long and weary one. Alter two 
more years, Palissy was still far from the discovery of en- 
amelling, but during this time he was accjiiiring much 
knowledge. From a simple workman he had become a 
learned chemist. He says himself, " The miNtakcs I maile 
in combining ray enamels taught me more than the things 
which came right of themselves." 

There came a lime, which he had once more resolved 
should be the last, when he repaired to the glass-works, 
accompanied by a man loaded with more than three hun- 
dred different patterns on bits of pottery. For four hours 
Bernard gloomily watched ifac progress of baking. Sud- 
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denly he started in surprise. Did his eyes deceive himl 
No ! it was no illusion. One of the pieces in the furnj 
>vas covered with a brilliant glazing, white, polished, ex- 
cellent. Palissy's joy was immense. "I thought I had" 
become a new creature," he says. "The enamel was 
found ; France enriched by a new discovery." 

Palissy now hastened to undertake a whole vase. For 
many and large pieces there was not rpom enough at his 
disposition in the ovens of the glass-works. He did not 
worry about that, for he was quite sure he could con- 
struct one of his own. He decided, too, at once to 
model and fashion his own vases ; for those which he 
bought of the potters, made of coarse and heavy forms, 
no longer suited his ambition. He now designed forms, 
turned and modelled them himself. Thus passed seven 
or eight months. At last his vases were done, and he 
admired with prid^ the pure forms given to the clay by 
his hands. But his money was giving out again, and his 
furnace was not yet built. As he had nothing to pay for 
the work, he did all the work himself, — went after bricks 
and brought them himself on his back, and then built and 
plastered with his own hands. The neighbors looked on 
in pity and ridicule. " Look," they said, " at Master 
Bernard ! He might live at his ease, and yet he makes 
a beast of burden of himself ! " 

Palissy minded their sarcasms not at all. His furnace 
was finished in good time, and the first baking of the clay 
succeeded perfectly. Now the pottery was to be covered 
with his new enamel. Time pressed, for in a few days 
there would be no more bread in the house for his chil- 
dren. For a long time he had been living on credit, but 
now the butcher and baker refused to furnish anything 
more. All about him he saw only unfriendly faces ; every 
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trealed him as a fool. ■' Let him die of hunger," 
they said, "since he will not Usten to reason." 

His wife was the worst of all. She failed to see any 
heroism in the obstinacy or perseveraace of her hus- 
band, — no wonder, perhaps, with the sight of her suffering 
children before her eyes. She went about reciting her 
misfortunes to all the neighborhood, very unwisely, as she 
thus ruined the credit of her husband, his last and only 
resource. 

Palissy was already worn out by so much manual la- 
feor, to which he was little accustomed ; nevertheless, he 
worked by night, and all night long, to pound up and 
prepare the materials for his white enamel, and to spread 
[t upon his vases. A report went abroad, caused by the 
sight of his lamp constantly burning, that he was trying 
to coin counterfeit money, lie was suspected, despised, 
and avoided, and went about the struts hanging his head 
because he had no miswer to make to his accusers. 

The momem which was to decide his life arrived. The 
vases were placed io the furnace, and for six continuous 
days and nights he phed the glowing fire with fuel. The 
heat was intolerable ; but the enamel resisted, notliing 
would melt, and he was forced to recognize that there 
was too little of the glazing substance in the combination 
to vitrify the others. He set to work to mix another^ 
compound, but his vases were spoiled ; he borrowed a 
few common ones from the pottery. During all this 
delay he did not dare to let the fire go out, it would take 
so much wood to start it again. Once more the newly 
covered pots were placed in the intense furnace ; in three 
or >ur hours the test would be completed. Pahssy per- 
ceived with terror that his fuel was giving out. He ran 
to his garden, tore up fences, and cut dowci Uee.^ ■wVi'ii. 
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he liatl planted himself, and threw all these into the P 
yawning mouths of the furnace. Not enough I He weil 
iDto the house, and seized tables, ctiairs, and bureaus ; buS 
the house was but poorly furnished, and contained but 
little 10 feed the flames. Palissy retumerl. The rooms 
were empty, there was absolutely nothing more to take; 
then he fell to pulling up the planks of the floor, 
wife, frightened to death, stood still and let him go on. 
The neighbors ran in, at the sound of the ase, and sai(L 
" He must be a fool I " 

But soon pity changed to admiration. When Fdii^ 
took the vases from the furnace, the common pots whiA' 
all had seen before dull and coarse, were of a clear peu^ 
white, covered with briHiant polish. 

So much emotion and fatigue had told upon the n 
constitution of Palissy, " I was," he says, " all used n 
and dried up on account of such (oil, and the heat of fl 
furnace. It was more than a month since I bad hai 
dry shirt on my body, and I felt as if I had reached A 
door of the sepulchre." ' 

In spite of the success which he had now attained. W 
potter had by no means reached the end of his misftl 
tunes. He sold his vases, but could not get much ( 
thera, as there were but a few, of poor shapes ; for thoJ 
which he had modelled himself had all failed to taketb 
enamel, and the successful ones were only common tiiin 
bought on credit. The small sum which he got by sdl 
them was not enough by any means to cover his expeliJ 
pay his debts, and restore order to the house from whl 
pretty much everything was burned up for firewood I 
his film ace. 

However, he was supported and happy in the thcM^ 

his success. He said to himself ; " \^'hy be sad, w' 
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Kve fount] what you were seeking for? Go on 
Sig, and you will put your enemies to shame." 
nee more he succeeded in borrowing a little money. 
He hired a man to help him ; and for want of funds, he 
paid this man by giving liim all his own good clothes, 
while he went himself in rags. The furnace he had made 
\Fa3 coming to pieces on account of the intense heat he 
bad maintained in it for six days and nights during his 
last experiment. He pulled it to pieces with his own 
^ands, working with fingers bleeding and bound up in 
bandages. Then he fetched water, sand, lime, and stone, 
fuid built by himself a new furnace, '■' without any help or 
any repose, A feverish resolution doubled my strength, 
and made me capable of doing things which I should 
bave imagined impossible," 

This time the oven heats admirably, the enamels ap- 
iwar to be melting, Paiissy goes to rest, and dreams of 
tits new vases, which must bring enough to pay all his 
Clebts ; his impatient creditors come in the morning to 
fee the things taken from the furnace. Pahssy receives 
liieni joyfully ; he would like to invite the whole town. 

When the pieces came out of the oven, they were 
shining and beautifliJ ; but — always but! — an accident 
liad deprived them of all value. Little stones, which 
ibrmed a part of the mortar with which the furnace was 
built, had burst with the heat, and spattered the enamel 
^U over with sharp fragments cutting like a razor, entirely 
bpoiling it of course. Still, the vases were so lovely in 
jibmi, and the glaze was so beautiful, that several people 
epfTcred to buy them if they could have them cheap. This 
^Slfi proud potter would not bear. Seizing the vases, he 
Sashed them to the ground ; then utterly worn out, he 
■fenl into the house and threw himself on the bed, Wa 
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wife followed him, and covered him with reproaches for lliu 
wa.sting tiie chance of making a few francs for the IJunil; 
Soon he recovered his elasticity, reflecting " thai i 
who has tumbled into a ditch has but one duty, and that 
is to try to get out of it." 

He now set to work at his old business of paintin, 
upon glass, and after several months had earned enoug! 
to start another batch of vases. Of these, two or thre 
were successful and sold to advantage ; the rest wei 
spoiled by ashes which fell upon the enamel in the furnac 
while it was soft. He therefore invented what he caltei 
a " lantern " of baked clay, to put over the vases to [ 
tect them in baking, This expedient proved so | 
that it is still used. 

The enamel once discovered, it would be suppose 
that all trouble was over ; but it is not enough to inveii 
a process, — to carry it out, al! sorts of little things hav( 
to be considered, the least of which, if not attended to, mi 
spoil all the rest. These multiplied accidents, with alltl 
privations and sufferings he had undergone, were attackii 
the health of Palissy. He says in his simple style, — 

" I was so used up in my person, that there was i 
shape or appearance of curve on my arms or legs ; my si 
called legs, indeed, were but a straight line, so that Wl« 
I had gartered my stockings, as soon as I began to W 
they were down on my heels." 

His enamelled pottery now began to make a living fc 
its inventor, but j* poor a living that many things v 
wanting, — for instante, a suitable workshop. For five e 
six years he carried on the work in the open air; eithl 
heat, rain, or cold spoiled many of his vases, while he hiq 
self, exposed to the weather, " passed whole nights at tj 
mercy of rain and cold, without any aid, comfort, < 
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ampanionship except ihat of oivls screeching on one side 
id dogs howling on the other. Sometimes," he continues, 
winds and tempests blew with such violence inside and 
iitside of my ovens, that I was obliged to leave, with a 
ital loss of all they contained. Several times wlien 1 had 
lus left everything, without a dry rag upon me, on account 
" the rain, I came in at midnight or daybreak without any 
jtt, staggering like a drunken man, all broken down at 
C thought of my wasted toil ; and then, all wet and dirty 
1 I was, I found in my bedroom the worst affliction of 
I, which makes me wonder now why I was not consumed 
P grief." He means the scolding and reproaches of his 
[fe. 

But the time came when his perseverance was rewarded, 
td his pottery brought him the fame and money he de- 
lved- He was able to make new experiments, and add 

the value of his discovery. Having obtained the white 
lamel, he had the idea of tinting it with all sorts of colors, 
lich he did successfully. He then began to decorate his 
ience with objects modelled from nature, such as animals, 
ells, leaves, and branches. Lizards of a bright emerald 
dor, with pointed heads and slender tails, and snakes 
iding between stones or curled upon a bank of moss, 
kbs, frogs, and spiders, al! of their natural colors, and 
isposed in the midst of plants equally well imitated, are 
le characteristic details of the work of Palissy, 

These perfect imitations of Nature were taken actually 
mn Nature herself. Palissy prepared a group of real 
Bves and stones, putting the little insects or animals he 
Ished to represent in natural attitudes amongst them. 
fe fastened these reptiles, fishes, or insects in tiieir places 
e threads, and then made a mould of the whole in . 
if Paris. When it was done, he removed t.l\e twis; 
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animals from the mould so carefully that he could use 
them over and over again. 

Thus, after sixteen years passed in untiring energy, six- 
teen years of anxiety and privation, the artist triumphed 
over all the obstacles opposed to his genius. The humble 
potter, despised of all, became the most important man in 
his town. His productions were sought for eagerly, and 
his reputation established forever. 

His life henceforth was not free from events, but these 
were not connected with his invention. His fame came to 
the knowledge of the queen mother Catherine de M^dicis ; 
for Francis I. was no longer living, and Charles IX. had 
succeeded Francis H. upon the throne. He was sum- 
moned to Court, and employed to build grottos, deco- 
rated with his designs, by personages of distinction, — one 
especially for the queen herself, which he describes in his 
Discourse of the " Jardin Delectable." 

He was in Paris at the time of the terrible massacre of 
St. Bartholomew, where, as he was a Huguenot, he would 
doubtless have perished but for the protection of the 
queen, who helped him to escape with his family. 

Later, however, in the midst of the troubles and terrors 
of the time, he was thrown into the Bastille ; and there he 
died, an old man of eighty years. 
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BENJAMIN FRANKLIN. 



7E call the .\jncricans a nalioQ or inventors," said 
Fergus, "How long has this been true?" 

"That is a very cutious question," said L'ncic Fritz. 
" You remember we were talking of it before. When I go 
bads to think of the hundred and fifty years before Bonker 
Hill, 1 thiuk there must have been a great many inglorious 
Milions hidden away in the New England towns Really, 
the arts advanced very little between 1630 and 1775. 
FIinI-lock3 had come in, instead of match-locks. But, 
actwaliy, the men at Bunker Hill rested over the rail-fence 
old muskets which had been used in Queen Anne's time ; 
and to this day a ' Queen's arm ' is a [irovincial phrase, 
in New England, for one of ihese old weapons, not yet 
forgotten. That inability to improve its own condition 
comes to a ptoplc which lets another nation do its manu- 
facturing for it, Yoii see much the same thing in Turkey 
and French Canada. Just as soon as they were thrown 
on their own resources here, they began to invent." 

" But," said Fergus, " there was certainly one great 
American inventor before that time." 

"Vou mean Franklin, — the greatest American yet, I 
suppose, if you mean to measure greatness by intellectual 
power and intellectual achievement. Vcs ; Franklin's 
great discovery, and the inventions which followed on it, 
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were mad€ twenty-five years and more before Bunker 

Hill." 

" What is the association between Franklin and Robins ) 
son Crusoe?" asked Alice. "I never read of one but 
I think of the other." 

Uncle Fritz's whole face beamed with approbation. 

" You have started me upon one of my hobbies," said 
he ; " but I must not ride it too far. Franklin says him- 
self that De Foe's * Essay on Projects ' and Cotton Mather*s 
' Essay to do Good ' were two books which perhaps gave 
him a turn of thinking which had an influence on some 
of the events in his after life. And you may notice how 
an * Essay on Projects ' might start his passion for having 
things done better than in the ways he saw. The books 
that he was brought up on and with were books of 
De Foe's own time, — none of them more popular among 
reading people of Boston than De Foe's own books, for 
De Foe was a great light among their friends in England. 

" If Robinson Crusoe, on his second voyage, which 
was in the year 17 18, had run into Boston for supplies, 
as he thought of doing; and if old Judge Sewall had 
asked him to dinner, — as he would have been likely 
to do, for Robinson was a godly old gentleman then, 
of intelligence and fortune, — if there had been by ac- 
cident a vacant place at the table at the last moment. 
Judge Sewall might have sent, round to Franklin's father 
to ask him to come in. For the elder Franklin, though 
only a tallow-chandler, — and only Goodman Franklin, 
not Mr, Franklin, — was a member of the church, well 
esteemed. He led the singing at the Old South after 
Judge Sewall's voice broke down. 

" Nay, when one remembers how much Sewall had to 
do with printing, one might imagine that the boy Ben 
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Franklin should wait at the door with a proof-sheet, and 
even take off his boy's hat as Robinson Crusoe came in," 
Here Bedford Long put in a remark : — 
"There are things in Robinson Crusoe's accounts of 
his experiments in making his pipkins, which ought to 
bring him iulo any book of American inventors." 

" I never tliought before," said Fergus, " that De Foe's 
experiences in making tiles and tobacco-pipes and drain- 
jpipes fitted him for all that learned discussion of glazing, 
•wben Robinson Crusoe makes his pots and pans." 

" Good I " said Uncle Fritz ; " that must be so. — Well, 
. .'jjis you say, Alice, there are whole sentences in that nar- 
rative which you could suppose Franklin wrote, and 
tin. his works whole sentences which would fit in closely 
^with De Foe's writing. The style of the younger man 
fj-ciy closely resembles that of the older." 

" And Franklin would have been very much pleased 
a hear you say so." 

'33 forever inventing," said Uncle Fritz. " .\s I 
^ri, he was worried unless things could be better done, 
*If he was in a storm, he wanted to still the waves. If the 
, 'ihimney smoked, he wanted to make a belter fireplace. 
t-lf he heard a girl play the musical-glasses, he must have 
Qbnd make a better set." 

" And if the house was struck by lightning, he went 
put and put lip a lightniog-rod." 

" He had a little book by which people should make 
I'^ttemseivcs better \ for he rightly considered that unless , 
1 could do this, he could make no other improve- 

And when Uncle Fritz hatl said this, he found the 
ige, which lie bade Jdhn read to them. 
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I FRANKLIN'S METHOD OF GROWING BEfl 



I 

^^^P " I made a little book in which I allotted a 
^^^Tach of the virtues. [He had classified the virtues awi I 
made a list of thirteen, which will be named below.] 1 1 
luled each page with red ink, so as to have seven colmnns f 
one for each day of the week, marking each column will" I 
a letter for the day. I crossed these columos wilh lisr- \ 
teen red lines, marking the beginning of each line ffi 
the first letter of one of the virtues, on which line ^ I 
in its proper column I might mark, by a little black '^\ 
every fault I found upon examination to have been W 
milled respecting that virtue upon that day. 
virtues were: i. Temperance.: a. Silence; 3. OlioWj 
4. Resolution; 5. Frugaijty; 6. iNDtrexKY; j. S 
CERrrv; 8. Justice; 9. Moderation; 
It. TRANQUiLLTTy ; 12. Chastity; 13. HuMiLrrv. 
of these appears, by its full name or its initial, on M 
page of the book. But the full name of one only ap 
on each page. 

"My intention being to acquire the habitude ri" 
virtues, I judged it would be well not to distract my if 
tion by attempting the whole at once, but to fix il oB l^ 
of them at a time, and when I should be master of"' 
then to proceed to another, — and so on, till I shou 
gone through the thirteen ; and as the previoiB.Jj 
tion might facilitate the acquisition of certain ^ 
arranged them with that view. Temperance % 
teijds to procure that coolness and clearnea 

L which is so necessary where constant vigilance"! 
kept up, and a guard maintained against the u 
attraction of ancient habits, and the force ofj 
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temptations,"* And so he goes on to show how lein- 
perance would prepare for Silence, Silence for Order, 
Order for Resolution, and thus to the end. 

Here is the first page of the book, with the marks for 
the first six of the virtues. 



TEMPERANXE. 



Eat not to Dulness. 
Drink not to Elevation. 
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" I determined to give a week's strict attention to each 
of the virtues successively. Thus, in the first week my 
great guard was to avoid every the least offence against 
Temperanay leaving the other virtues to their ordinary 
chance, only marking every evening the faults of the day. 

1 As St Jamet sa^rs, '< The wisdom from above is first pure.*' 



Thus, ir in the first week I could keep my first line. 
marked T, clear of spots, I supposed the habit of itiit 
virtue so much strengthened, and its opposite 
that I might venture extending my attention to inclu* 
the next, and for the following week keep both lines tie* 
of spots. Proceeding thus to the. last, I could go thiM^ 
a course complete in tliirteeo weeks, and four couns 
a year. And like him who having a garden to •" 
does not attempt to eradicate all the bad herbs at w 
which would exceed his reach and his strengt 
on one of the beds at a lime, and, having a 
the first, proceeds to the second, so I should hxt, 
hoped, the encouraging pleasure of seeing on my p9 
the progress I made in virtue, by clearing successively ■ 
lines of their spots, till in the end, by a number of com* 
I should be happy in viewing a clean book, aftetiP 
teen weeks' daily examination." 

Uncle Fritz said that this plan of Franklin's had ^ 
quite a favorite plan of different people at the end of' 
last century. Richard Lovell Edgeworth, and Mi' H 
and a good many of the other reformers in Englam'i* 
many in France, really thought that if people only*'! 
what was right they would all begin and do it. Thfi)'! 
to learn, by their own experience or somebody's, iW' 
difficulty was generally deeper down. 

There was a man, named Droz, who published a 
book called "The Art of being Happy," with Uibls' 
which every night you were to mark yourself, as a sc 
mistress marks scholars at school, lo for tnith, 3 foil^ 
per, S for industry, 9 for frugality, and so on. 
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when Mr. Watson was very eager to try the lightning ex- 
periments in England, he seems to have had, in all the 
summer, but tn-o storms of thnndcr and lighlni 

Franklin made his apparatus on a scale which not 
seems almost giganlic. The " conductor " of an elecHt- 
cal machine such as you will generally see in a coU^ 
laboratory is seldom more than two feet long. Franklinls 
conductor, which was hung by silk from the top of )s& 
room, was a cylinder ten feet long and one foot in diwn- 
eter, covered with gilt paper. In his " Leyden batierjf" 
he used five glass jars, as big as large water-pails, — thef 
held nine gallons each. One night he had arranged t? 
kill a turkey by a shock from two of these. He receii 
the shock himself, by accident, and it almost killed h 
He had a theory that if turkeys were killed by electndl)\ 
the meat would perhaps be more tender. 

He acknowledges Mr. Collinson's present of the { 
tube as early as March 28, 17+7. On the nth oTJl 
he writes to ColUnson that they ("we ") had disc 
the power of points to withdraw electricity silently % 
continuously. On this discovery the lightning-rod i 
based. He describes this quality, first observed by Tt 
Hopkinson, in the following letter ; — 

" The first is the wonderful effect of pointed b 
both in drawing q^and throwing i^the electrical fire. 

" For example, place an iron shot, of three or fc 
inches diameter, on the mouth of a clean, dry g 
By a fine silken thread from the ceiUng, right oveid 
mouth of the bottle, suspend a small cork ball abool i 
if a marble ; the thread of such a length, as 4 
the cork ball may rest against the side of the shot S 
trify the shot, and the ball will be repelled to the d 
of four or five inches, more or less, accordtol 
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quantity of electricity. When in this state, if you present 
to the shot the point of a long, slender, sharp bodkin, at 
six or eifjiit inches distance, the repellency is instantly 
destroyed, and the cork flies to the shot. A blunt body 
must be brought within an inch and draw a spark, to pro- 
duce the same effect. To prove that the electrical fire is 
^ra^vn offhy the point, if you take the blade of the bodkin 
out of the wooden handle, and lis it in a stick of sealing- 
wax, and then present it at the distance aforesaid, or if you 
bring it very near, no such effect follows ; but sliding one 
finger along the wax till you touch the blade, the ball flies 
to the shot immediately. If you present the point in ihe 
dark, )'ou will see, sometimes at a foot distance and more, 
A light gather upon it, like that of a firefly or glqw-worm ; 
Ijie less sharp the point, the nearer you must bring it to 
observe the light ; and at whatever distance you see the 
'light, you may draw off the electrica] fire, and destroy the 
■pellency. If a cork ball so suspended be repelled by 
lube, and a point be presented quick to it, tliough at a 
siderable distance, it is surprising to see how suddenly 
flics back to die_tube. Points of wood will do near as 
■^reil as those of iron, provided the wood is not dry ; for 
^ {Perfectly dry wood will no more conduct electricity than 
»4ealing-wax. 

"To show that points will throw off as well as draw off 
"the electrical fire, lay a long, sharp needle upon the shot, 
^□d you cannot electrize the shot so as to make it repel 
%lie qork ball. Or fix a needle to the end of a suspended 
.^lun-barrei or iron rod, so Bs to point beyond it like a little 
Isayonet; and wliile it remains there, the gun-barrel or 
>%^0d cannot, by applying the tube to the other end, be 
i«tlcclrized so as to give a spark, the fire continually run- 
■*»ng out silently at the point. In the dark you nwy aee 
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make ihe same appearance as it does in the case befor< 
mentioned." 

The next summer, that of 1748, the experiments vent 
so far, that in a letter of Franklin's to Collinson he pto- 
poseJ the electrical dinner-party, which was such a fc 
light to Harry and Lucy ; — 

" Chagrined a little that we have been hitherto able to 
produce nothing in this way of use to mankind, and (iK 
hot weather coming on when electrical experiaienB a 
not so agreeable, it is proposed to put an end~to themfiit 
this season, somewhat humorously, in a party of pleasure 
on the banks of the SkuylkUl. Spirits, at the same til 
are tQ be fired by a spark sent from side to side ihrongb 
tiie river, without any other conductor than the wai 
experiment which we some time since performed, lo the 
amazement of many. A turkey is to l)e killed for om 
dinner by the eleclrkal shock, and roasted by the ettdrkJi 
Jack, before a fire kindled by the eUctrified bottle; w 
the healths of all the famous electricians in England, 1 
land, France, and Germany are to be drank in tlectf^ 
bumpers, under the discharge of guns from the flktnifl 
battery." 

It was in a letter to Collinson of the next year, 1 749ij'' 
as I suppose, though it is not dated, — that the project! 
the lightning-rod first appears. It is too long to cflfjt 
The paragraphs most important in tills view are the ii 
lowing : — 

"43, An electrical spark, drawn from an irregular Ji 
at some distance, is scarcely ever straight, but sb 
crooked and waving in the air. So do the flashes of tigh 
ning, the clouds being very irregular bodies. 

" 43. As electrified clouds pass over a country, high ■ 
and high trees, lofty towers, spires, masts of ships, cto 



, neys, &c., ^s so many prorainences and points, draw the 
electrical fire, and the whole cloud discharges ihcre. 

" 44. Dangerous, therefore, is it to take shelter under a 
tree during a thunder-gust. It has been fatal to many, 
both men and beasts. 

" 45. It is safer to be in the open field for another reason. 
When the clothes are wet, if a fiash in its way to the ground 
should strike your head, it may run in the water over the 
surface of your body ; whereas, if your clothes were dry, 
(t would go through the body, because the blood and 
Dther humors, containing so much water, are more ready 
conductors. 

"Hence a wet rat cannot be killed by the exploding 
ticctrica) bottle, when a dry rat may." 

In a letter of 1 750, based upon observations made in 
17497 Franklin said distincdy, after describing some arti- 
ficial lightning which he had made : — 

" If these things are so, may not the knowledge of this 
power of points he of use to mankind, in preserving houses, 
ehurches, ships, &c., from the stroke of lightning, by di- 
Kcting us to fix, on the highest parts of these edifices, 
upright rods of iron made sharp as a needle, and gilded to 
prevent rusting, and from the foot of those rods a wire 
"down the outside of the building into the ground, or down 
round one of the shrouds of a ship, and down her side till 
i^ rea ches the water ? Would not these pointed rods prob- 

■j^^raw the electrical fire silently out of a cloud before it 

^^^Krigh enough to strike, and thereby secure us from 

^^Hnt>st sudden and terrible mischief? 

^^'to -determine the question whether the clouds that 
Contain lightning are electrified or not, I would propose an 
experiment to he tried where it may be done convenii 
On the top of some high tower or steeple, iplacc 



liently'^^fl 
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sentry-box, big enough to contain a man and an electrical 
stand. From the middle of the stand let an iron rod rise 
and pass bending out of the door and then upright twenty 
or thirty feet, pointed very sharp at the end. If the elec- 
trical stand be kept clean and dry, a man standing on it, 
when such clouds are passing low, might be electrified and 
afford sparks, the rod drawing fire to him from a cloud. 
If any danger to the man should be apprehended (though 
I think there would be none), let him stand on the floor of 
his box, and now and then bring near to the rod the loop 
of a wire that has one end fastened to the leads, he holding 
it by a wax handle ; so the sparks, if the rod is electrified, 
will strike from the rod to the wire, and not affect him." 

The Royal Society " did not think these papers worth 
printing " ! 

But, happily, CoUinson printed them, and ' they went all 
over Europe. The demonstration of the lightning theory, 
which he had wrought out by his own experiments, was 
made in France, May lo, 1752; and in Philadelphia by 
Franklin with the kite in the next month, before he had 
heard of the success in France. Franklin's friend Dali- 
bard tried the French experiment. Here is his account of 
it, as he sent it to the French Academy, as Roxana trans- 
lated it for the young people : — 

I have had perfect success in following out the course 
indicated by Mr. Franklin. 

I had set up at Marly- la- vi lie, situated six leagues fi-om 
Paris, in a fine plain at a very elevated level, a round rod 
of iron, about an inch in diameter, forty feet long, and 
sharply pointed at its upper extremity. To secure greater 
fineness at the point, I had it armed with tempered steel, 
and then burnished, for want of gilding, so as to keep it 
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from rusting ; beside that, this iron rod is bent near ■ 
lower end into two acute but rounded anjes the first a 
gle is two feet from the lower end and the sec > id takes 
contrary direction at tliree feet from the first 



Wednesday, the loth of May, 1752, between two and 
three in the afternoon, a man named Coiffier, an old dra- 
goon, whom I had intrusted with making the observations 
ia my absence, having heard rather a loud clap of thunder, 
hastened at once to the machine, took the phial with the 
;wire, presented tlie loop of Che wire to the rod, saw a 
small bright spark come from it, and heard it crackle. 
He tiien drew a second spark, brigliter than die first and 
.with a louder sound ! He called his neighbors, and sent 
the Prior. This gentleman hastened to the spot as 
as he could ; the parishioners, seeing the haste of their 
iest, imagined that poor Coiffier had been killed by the 
'thunder ; the alarm was spread in the village ; the hail* 
Btonn which began did not prevent the flock from fol- 
ng its shepherd. This honest priest approached the 
hine, and, seeing that there was no danger, went to 
irk himself and drew strong sparks. The cloud from 
'hich the storm and hail came was no more than a quar- 
'ter of an hour in passing direcdy over our machine, and 
^Ohly this one thunder-clap was heard. As soon as the 
^loud had passed, and no more sparks were drawn from 
^^be iron rod, the Prior of Marly sent off Monsieur Coiffier 
fc^mself, to br'uig me the following letter, which he wrote 
Mi haste : — 

.,„,/ inform you. Sir, of what you are looking 
E experiment is completely' successful. To-day. 
^^^utes past two, i», u , the thu.nde'c xoVVfti 
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directly over Marly ; the dap was rather loud. The desire . 
to oblige you, and my own curiosity, made me leave my 
arm-chair, where I was occupied in reading. I went to 
Coiffier's, who had already sent a child to me, whom I met 
on the way, to beg me to come. I redoubled my speed 
through a torrent of hail. When I arrived at the place 
where the bent rod was set up, I presented the wire, ap- 
proaching it several times toward the rod. At the distance 
of an inch and a half, or about that, there came out of the 
rod a little column of bluish fire smelling of sulphur, which 
struck the loop of the wire with an extreme and rapid en- 
ergy, and occasioned a sound like that which might be 
made by striking on the rod with a key. I repeated the 
experiment at least six times, in the space of about four 
minutes, in the presence of several persons ; and each ex- 
periment which I made lasted the space of a Pater and an 
Ave, I tried to go on ; the action of the fire slackened 
little by little. I went nearer, and drew nothing more but 
a few sparks, and at last nothing appeared. 

The thunder- clap which caused this event was fol- 
lowed by no other ; it all ended in a great quantity of hail. 
I was so occupied with what I saw at the moment of the 
experiment, that, having been struck on the arm a little 
above my elbow, I cannot say whether it was in touching 
the wire or the rod, I was not even aware of the injury 
which the blow had given me at Jhe moment when I re- 
ceived it ; but as the pain continued, on my return home 
I uncovered my arm before Coiffier, and we perceived a 
bruised mark winding round the arm, like what a wire 
would have made if my bare flesh had been struck by it. 
As I was going back from Coiffier's house, I met Monsieur 
le Vicaire, Monsieur de Milly, and the schoolmaster, to 
whom I related what had just happened. They all three 
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MUSICAL GLASSES. 



While some of the children were reading these electi 
passages, others were turning over the next volume 
to their great delight, the)' found a picture of the " Mui 
Glasses." 

I never had the slightest idea what musical ^ 
were," said Jack; and he spouted from Goldsraifli 
passage from "The Vicar of Wakefield," where the 
ionable ladies from London talked about "Shatspe: 
wid the musical glasses." 

Were they Dr. Franklin's niusica] glasses?" 

I never thought of that," said Uncle Frite, 
pleased ; " but I thiuk it is so. John, look and see' 
year 'The Vicar of Wakefield' was written in." 

John turned to the Cyclopedia, and it proved 4 
Goldsmith wrote that book in 1766, 

" And you see," said Uncle Friti, " that it was 
that Franklin made his improvement, and that Mr. 
eridge, the Irish gentleman, had arranged his 
I think you would find that the instrument g«i* 
worked its way into fashion, — slowly, as such things' 
England, — and that Goldsmith knew about 
FrankUn's modification. 

I do not now remember any other place whereO 
smith's life and his touched. But they must haveW 
great many of the same people. Franklin was all ■ 
up with the Grub Street people." 

Meanwhile John was following up the matter to' 
Cyclopedia, But he did not find " Armonica." ^ 
Fritz bade him try in the " H " volume ; and thert^ 
enough, was " Harmonica," with quite a httle hlflO 
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wention. Mr. Puckeridge's fascinating name i 
tamed down to Pochrich, probably by s 
Tanslator. Dr. Franklin's instrument is describee 
le Cyclopfedia man adds : 
rom the effect which it was supposed to liave upoBB 
irvous system, it has been suggested timt the fingei* 
[ not be allowed to come in immediate contact w 
asses, but that the tones should be produced by* 
. of keys, as with a harpsichord. Such an instru- 
has been made, and called the ' harpsichord har- 
:.' But these experiments have not produced 
ng of much value. It is impossible that the del- 
the swell, and the continuation of the tone should 
fried to such perfection as in the simpler method, 
larmonica, however much it excels all other instri^J 
in the delicacy and duration of its tones, yet i 
ed to those of a soft and melancholy character a 
^, solemn movements, and can hardly be combined^ 
'anlage with other instruments. In accorapanyin| 
man voice it throws it into the shade ; 
he other instruments lose in effect, because so f 
r to it in tone. It is therefore best enjoyed I 
and may produce a charming effect in certaii 

Lomanlic situations ' I I should think so," said Ma- 
ughing. " Is not that like the dear German maajf 
rote this? I see myself lugging my harmonica 
ge of the Kauterskill Falls." 
jw do you know he was a German?" said Alice, 
cause, where John read ' the simpler method,' 
he be fore- mentioned method,' No Englishman 
jiUi in his senses ever said ' before- mentioned ' 
■ttelp himself." 



" Do let lis see how dear Dr. Franklin made hi 
ichine." 
nd the girls unfolded the old-fashioned picture, whicj 
the sixth volume of Sparks's Franklin, and read )u 
liption of it as he wrote it to Beccaria. 
" Is it the Beccaria who did about capital punishment? ' 
1 Fergus. 

■io," Uncle Fritz said, "though they lived al thfl 
same time. They were not broihers. The capital-pun- 
ishment roan was the Marquis qf Beccaria, and that 
makes a great difference in Europe. This man 'did 
electricity, as you would say ; and hi? name is plai) 
Beccaria without any of." 

Then Mabe), commanding silence, allast read the lettt 
to Beccaria, And when she had done. Uncle Fritz said 
that he should Uiiak tiiere might be many a boy 
who could not buy a piano or what he profanely calle< 
a Yang- Vang, — by which he meant a reed organ, — whi 



would like to make a harmonica. Tlie letter, i 



ipm 



not copied here, tells how to time the glasses. An 
any one who lived near a glass-factory, and _ ._ _ 

good-natured side of a good workman, could have ftf 
glasses made without much expense. 

Letter of Franklin to J. B. Beccaria. 

I-oNDON, July 13, 1762. 
Reverend Sir, — , , , Perhaps, however, it may t 
J agreeable to you, as you live in a musical country, to har 

an account of the new instrument lately added here to thj 
I great number that charming science was already 

[ of. As it is an instrument that seems peculiarly adaptei 

I to Italian music, especially that of the soft and plaiathr 

t kind, 1 will endeavor to give you such a description of 
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and of the manner of constructing it, that you or any of 
your friends may be enabled to imitate it, if you incline 
so to do, without being at the expense and trouble I have 
been to bring it to its present perfection. 

You have doubtless heard of the sweet tone that is drawn 
from a drinking-glass by passing a wet finger round its brim. 
One Mr. Puckeridge, a gentleman from Ireland, was the 
first who thought of playing tunes formed of these tones. 
He collected a number of glasses of different sizes, fixed 
them near each other on a table, tuned them by putting 
into them water more or less, as each note required. The 
tones were brought out by passing his finger round their 
Iwims. He was unfortunately burned here, with his in- 
it, in a fire which Consumed the house he lived in. 
Delaval, a most ingenious member of our Royal 
, made one in imitation of it, with a better form 
ioice of glasses, which was the first I saw or heard, 
charmed by the sweetness of its tones, and the 
he produced from it, I wished only to see the 
disposed in a more convenient form, and brought 
in a narrower compass, so as to admit of a 
iber of tones, and all within reach of hand 
before the instrument, which I accom- 
after various intermediate trials, and less commo- 
5, both of glasses and construction, in the 
manner, 
lasses are blown as nearly as possible in the form 
lispheres, having each an open neck or socket in the 
The thickness of the glass near the brim about 
of an inch, or hardly quite so much, but thicker 
nearer the neck, which in the largest glasses 
inch deep, and an inch and a half wide within, 
lessening as the glasses \h.einsc!wt^ Svoi-ia.- 




ish in si^e, except that the neck of ihe smallest ought ni 

lo be shorter than half an inch. The largest glass is nii 

' inches diameter, and the smallest three inches, Betweej 

;- these two are twenty-three different sizes, differing fron 

I each other a quarter of an inch in diameter. To make i 

I single lastniment there should be at least six glasses blow 

t of each size ; and out of this number one may probab^ 

pick thirty-seven glasses (which are sufficient for thia 

octaves with all the semitones) that wil! be each either ihl 

note one wants or a little sharper than that note, and ai 

fitting so well into each other as to taper pretty reguU^ 

from the largest to the smallest. It is true there s 

; thirty-seven sizes, but it often happens that two of tit 

same size differ a note or half-note in tone, by reason of| 

difference in thickness, and these may be placed one i( 

the other without sensibly hurting the regularity of tt 

taper form. 

The glasses being thus turned, yau are to be pro 

with a case for them, and a spindle on which they are II 

' be fixed. My case is about three feet long, eleven inch 

every way wide at the biggest end ; for it tapers all ll 

I way, to adapt it better to the conical figure of the set i 

I glasses. Tliis case opens in. the middle of its height, a« 

the upper part turns up by hinges fixed behind. 11 

spindle, which is of hard hon, lies horizontally from a 

1 to end of the box within, exactly in the middle, and i 

made to turn on brass gudgeons at each end. It is rouffll 

' an inch in diameter at the thickest end, and tapering (ol 

> quarter of an inch at the smallest. A square shank o 

^^Bfrpm its tliickest end through the box, on which shanii 

^^^|meel is fixed by a screw. This wheel serves as a fl/l 

^^^^Bke the motion equable, when the spindle widi i 

^^^^Egses is turned by the foot hke a spinning-wheel, S 



wheel is of mahogany, eighteen inches diameter, and 
pretty thick, so as to conceal near its circumference about 
twenty-five pounds' of lead. An ivory pin is fixed in the 
face of this wheel, and about four inches from the axis. 
Over the neck of this pin is put the loop of the string that 
comes up from the movable step to give it motioo. The 
case stands on a neat frame with four legs. 

To fix the glasses on the spindle, a cork is first to be 
fitted in each neck pretty tight, and projecting a little 
without the neck, that the neck of one may not touch the 
inside of another when put together, for that would make 
a jarring. These corks are to be perforated with holes of 
different diameters, so as to suit that part of the spindle 
on which they are to be fixed. When a glass is put on, by 
- holding it stiffly between both hands, while another turns 
I the spindle, it may be gradually brought to its place. But 
care must be taken that the hole be not too small, lest, in 
' forcing it up, the neck should split ; nor too large, lest the 
gUss, not being firmly fixed, should turn or move on the 
spindle, so as to touch or jar against its neighboring glass. 
The glasses are thus placed one in another, the largest on 
the biggest end of the spindle, which is to the left hand ; 
the neck of this glass is towards the wheel, and the next 
goes into it in the same position, only about an inch of its 
brim appearing beyond the brim of the first ; thus pro- 
ceeding, every glass when fixed shows about an inch of its 
brim (or three quarters of an inch, or half an inch, as they 
grow smaller) beyond the brim of the glass that contains 
it; and it is from these exposed parts of each glass that 
the tone is drawn, by laying a finger upon one of them as 
the spindle and glasses turn round. 

My largest glass is G, a little below the reach of a coa^ 
mon voice, and my highest G, including thiee ccito.^* 
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octaves. To distinguish the giasses the more readily to 
the eye, I have painted the apparent parts of the glasses 
, wilhinside, every semitone white, and the other notes of the 
octave with the seven prismatic colors, — viz., C, red; D, 
orange ; E, yellow ; F, green ; G, blue ; A, indigo ; B, 
purple; and C, red again, — so that glasses of the same 
color (the white excepted) are always octaves to each 
other. 

This instrument is played upon by sitting before the 
middle of the set of glasses, as before the keys of a harp- 
sichord, turning them with the foot, and wetting them now 
and thcQ with a sponge and dean water. The fingere 
should be first a little soaked in water, and quite iree from 
all greastness j a little fine chalk upon them issometimes 
useful, to make them catch the glass and bring out the 
tone more readily. Both hands are used, by which 
means different parts are played together. Observe that 
the tones are best brought out when the glasses Xwra/rom 
the ends of the fingers, not when they turn lo them. 

The advantages of this instrument are, that its tones are 
incomparably sweet, beyond those of any other; that they 
may be swelled and softened at pleasure by stronger or 
weaker pressure of the finger, and condnued to any length ; 
and that the instrument, being once well tuned, never 
again wants tuning. 

In honor of your musical language, I have borrowed , 
from it the name of this instrument, calling it the Ar- 
monica. 

With great respect and esteem, I am, &c., 

B. Franklin. 
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" Hinc ilJae laclirymae," in a low tone from Cki 
Waters. 

For Colonel Ingham, the turn taken by the convt 
satioo had a peculiar charm. He was of the generatia 
before the rest, and what were to them but ghostly ideal 
were to him glad memories of a hap[>y past. 

" Good ! " said he. " ' Frank ' was, in a sense, 
greatest book ever written. Do you reraeraber that 
where Frank lifted up the skirts of his coat when passinj 
through the greenhouse ? " he asked of Mabel. 

" I should think I did," said Mabel and Will, Aa fo 
Bedford, he had only a vague recollection of il. 1^ 
others considered the conversation to be trembling upc 
the verge of insanity. 

" Perhaps," said Florence, gently, " I might be aflowt 
to suggest that although you liave heard of ' Frank ' aa 
those other persons mentioned, we have not. I do m 
think that I ever heard of an inventor named Frank,-! 
did he have any other name? — and I am usually con 
sidered," she went on modestly, " tolerably well inTormi 
Therefore tlie present conversation, though probably edi^ 
ing in a high degree to those who have read ' Frank,' 
who have some interest in horticulture and greenhouses 
can hardly fail to be very stupid to those of us who havi 

" My dear child," said the Colonel, " you are right 
Mabel and I, and Will and Bedford here, are of thi 
generation that is passing off the stage. We look back w 
the things of our youth, hardly considering that there an 
those to whom that period suggests Noah and his ark." 

"But who is the inventor?" asked some one wh( 
thought that the conversation was gradually leaving thl 
trodden patli. 
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This startling intelligence roused even Colonel Ingham 
to demand particulars. Was he married to all five at 
once ? to all of them when he was only fourteen ?" 

"No," admitted Mabel, with some regret; '*he was 
married to them all at different times, and he was di- 
vorced from the one he married at. fourteen with the 
door-key." 

" They were only married for fun," said Bedford. " It 
was all a joke. They were at a wedding, and they thought 
it would be funny after the real marriage to have a mock 
one. So they did, and married Edgeworth to a girl who 
was there. It was a real marriage, for they were after- 
wards divorced." 

" Well," said Sam Edmeston, " I shall be glad to hear 
about this gentleman, I 'm sure, though I never did hear 
of him before. But may I ask why it was necessary to 
introduce him by means of an allusion to * Frank ' and 
other works which we have few of us ever read, though 
it is very possible that we may some of us have heard of 
them ? " 

"I see why Mabel spoke first of ' Frank,* " said Colonel 
Ingham. "And I think that she did very well to bring 
Edgeworth in as she has done. And Edgeworth, though 
I had not thought of him before, is very fit to be one 
of our inventors, not so much for his individual accom- 
plishments, which were httle more than curious, — tele- 
graph and all, — as for being a good representative of his 
age. Those of you who know a little of the century be- 
tween 1750 and 1850 know that it was an age to which 
many of the secrets of physical science were being opened 
for the first time. Everybody was going back to Nature 
to see what he could learn from her. This movement 
swept all over France and England. Every gentleman 



d^iUed in the 
invEiitions. \6taaK xi Fanoe kiri » ^^ MviBafr 
made for hiai in «faic& bepaaed aone w^ss^KHBd 
experiiDent^ It wa* tte xgc. vk^ oT ^^s ^h^uhl — 
of the appUcaCKH) oi f4««ad ^k^ m Ac He «tf ^^ 

pHcatJons of it to de 1dci^h6«v ^id Ac »>— ^-— oac 
akragtowaid the cad of ibBpaia&iadaBAed Ae«i4i 
of thegrouea men. BM ««t>T *■* <mU ■■( ■■«■«. 
steam-eagine. Sa. by Ac iiMdndi ^ caa^n ^dl^^ 
wbo studied sdcocr, (^eHBy. aad >■■»■«_ ^rf Ae 
rest, dicre were riwiniiw¥i hatAadk t£ taeo^, 0tk^ 
eaitiages, tnodcUdetnpb^aadKek Aiap-; anrf «Kif 
time mcQ tfas Ed n» w A it Ae ktat, v k faiB Ob 
mtM avaibUe, ii'iiii iiriinwi . «b aeamit ft k» «bj 
intEresting m ew a at . 

"Sadi books K'Hnj Md Li^'a^ 'Ink' ^ 
fte Burror of tlm i mtiaitM . Bw Iv Ait s >>■< a^S' 
tiib% more. wUcfa Jofan Uodev ^ofa^s^p^'te 
age touched bf tlie^ks cf fa^e ibbi ta^ri^ «• Ae 
edncatioa of ifaf pwi^' fh* yovie jiarr A« A^ 
own times n ttt ihn n ii MiMTky ■ ■ |"ii uiiJ aj t_ , 
but as the>- Icanwd ■!■», Aej ^V* *» ^^T* 4^ '^■^ 
were imprm-iag, and fiK Ac c&MRa «Me kp msv 
times than those m ^aA Ae fiAot twif Aa4 m 
phy^cal scieocc «a» to Aem *■ Awyao^ ^^r • 
thh approadmg nAsnikAef laA l<*^ M ft»A 
these tiling to the jOMg. A^ ^ ^m ate ^«* *atf 
' Frank 'oc'Saodfaida^lleMa'adiM? arW 7 iukml 
It was the hope Aa( dtf iMili i ■ m^t V . 
the voi^ where the ie^trv ir*f 'x. ryf '.v~ 
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idea of llie poinl to which his children and graiidchilt 
would carry his work, 

" So much for Mr. Edgewoith from my point of vicwj" 
coHcIuded ihe Colonel. " You will hear what he thought \ 
of himself from Bedford." 



EDGEWORTH'S TELEGRAPH. 

Bets of a rash or ingenious sort were in fashion in those 
days, and one proposal of what was difficult and uncom 
mon led to another. A famous matcii was at that tim 
pending at Newmarket between two horses that were il 
every respect as nearly equal as possible. Lord Marcl) 
one evening at Ranelagh, expressed his regret to T' 
Francis Delaval that he was not able to attend New 
market at the next raeeting. " I am obliged," said he 
" to stay in London. I shall, however, be at the TiU 
Coffee House. I shall station fleet horses on the road t 
bring me the earliest intelligence of the event of the ri 
and shall manage my bets accordingly." 

I asked at what time in the evening he expected t 
know wlio was ivinner. He said about nine in 
ing, I asserted that I should be able to name 
ning horse at four o'clock in the afternoon. Lord Mard 
heard my assertion with so much incredulity as to urgi 
me to defend myself; and at length I offered to lay fivi 
hundred pounds, that I would in London name the wu 
ning horse at Newraarket at five o'clock in the evenit 
of the day when the great match in question was to l 
run. Sir Francis, having looked at me for encouragement 
offered to lay five hundred pounds on my side ; Lore 




1 fay I ■ | ilii j w| , » iMfc-" ii .M soBifaa «f pa<- 
wcooaU pface am Mrh w ris to near j« ta htitaaa 
Ctbe pova of the moAtx. Wbes «c iB nei « ihe 
CoSee Hoffic, I <Aied to dod^ ay txt ; so iKd 
kancis: The pBifcf a en Ac of^Mafc side woe 
g to accept myoScr; bol bdbte [ wodd aaiclude 
vger, I dxngfu ti &irio state to Loni March ttui 1 
tot depend npon the de«tDcs or stitnfcth of honn 
my the de^red mtdligmcc, bot upon other iDcans, 
1 I had, of being informed in London which horse 
BCtnally won al Newmarket, belweep the lime when 
&ce should be coodmled and fit-e o 'dork in the 
ng. My opponents dunked me for my candor and 
led the bet. My frieniis blamed mc extremely fwr 
J up such an advamageous speculation. None of 
i except Sir Francis, knew the means which 1 had 
3ed to employ ; and he kept tlicm a profiiiind secret, 
use them afterwards for his own piiriraK'Si 
that energy which characterised everything 1" which 
gaged, he iramediateiy erected, under my dirotlioni, 
Matas between his house and part of Piccadilly, - 
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'■an apparatus which was never suspected to be telegrapb 
I also set up a night telegraph between a house which i 
F. Delaval occupied at Hainpstead, and one to whidi 
had access in Great Russell Street, Bloomsbury. Hi 
nocturnal telegraph answered well, but was XofT expeosri 
for common use. 

Upon my return home to Hare Halch, I tried e 
experiments on different modes of telegraphic comtnuiuf 
L,^on. My object was to combine secrecy with expedilifl 
LtFor this purpose I intended to employ windmills, » 
might be erected for common economical uses, and wbS 
might at the same time afford easy means of communis 
tion from place to place upon extraordinary c 
There is a windwill at Nettlebed, which can be distind 
seen with a good glass from Assy Hill, between 1 
head and Henly, the highest ground in England soull 
the Trent. With rfie assistance of Mr, Perrot, of H 
Hatch, I ascertained the practicability of my scbe 
between these places, which are nearly sixteen m 
asunder. 

I have had occasion to show my claim to the reviva] 
this invention in modern times, and in particular to pn 
that 1 had practised telegraphic communication in t! 
year 1767, long before it was ever attempted in Frone 
To establish these truths, I obtained from Mr. PeaoW 
Berkshire gentleman, who resided in the neighborhood; 
Hare Hatch, and who was witness to my experiments, t 
testimony to the facts which I have just related. I hoj 
:r; and before its contents were published inll 

t Memoirs of the Irish Academy for the year 179^ 
showed it to Lord Charlemonl, President of the ] 
Irish Academy. 



WORTH'S TELEGRAPH IN IRELAND. 
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it, 1794, my father made a trial of his tele- 
een Pakeiiham Hall and Edgeworth Town, a 
twelve miles He fouad it to succeed beyond 
tions ; and in November following be made 
1 of it at Collon, at Mr. Foster's, in the county 

The telegraphs were on two hills, at fifteen 
ince from each other. A communication of 

was made, and an answer received, in the 
^e minutes, Mr. Foster — my father's friend, 
:nd of everything useful to Ireland — was well 
of the advantage and security this country 
e from a system of quick and certain commu- 
nd, being satisfied of the sufficiency of this 
dvised that a memorial on the subject should 
up for Government. Accordingly, under his 

memorial was presented, in 1795, to Lord 
len Lord Lieutenant. His Excellency glanced 
;r the paper, and said that he did not think 
tahlishment necessary, but desired to reserve 

for further consideration, My father waited 
for some time. The suspense and doubt in 
tiers are obliged to live is very different from 
if philosophical doubt which the wise recom- 

to which they are willing to submit. My 
.ience was soon exhausted. The county in 
esided was then in a disturbed state ; and he 
to return to his family, who required his pro- 
^d^E, to stale tbinL>s exactly as fce-j -^etc, | 
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tiis was not the sort of lecoper siiited to attend; 
the great. 

The disturbances in the County <rf' Longford we 
for a time by the mililaij- ; but again, in Uie autu 
ensuing year (Sepiember, 1796), rumors of an 
prevailed, and spread with redoubled force thn 
land, disturbing commerce, and alarming all rank 
disposed subjects. My father wrote to Lord Car 
then Commander-in-Chief, and to Mr. Pelham (i 
Chichester), who was then Secretary in Ireland 
services. The Secretary requested Mr. E( 
would furnish him with a memorial. Aware of tiu 
antipathy that pubhc men feel at the sight of lon| 
rials, this was made short enough to give it a d 
leiog read. 

(Presented, Oct. 6. 1796.) 

Mr. Edgeworth will undertake to convey intei 
from Dublin to Cork, and back to Dublin, by nn 
fourteen or fifteen different stations, at the rate 
hundred pounds per annum for each station, as I 
Government shall think proper ; and from Dublin 
T place, at the same rate, in proportion to t 
e : provided that when Government chooses 
continue the business, they shall pay one year's c 
over and above tlie current expense, as some con 
tion for the prime cost of the apparatus, and thetni 
the first establishment. 

In a letter of a single page, accompanying this 
rial, it was staled, that to establish a telegraphic ( 
n sufficient to convey intelligence to every pari 
kingdom where it should be necessary, stations 
against a mob and against musketry might be 



fat the sum oF six or strm tkstuanJ foundt. It wis 
further observed, that of course Hicre must be a consiil- 
erable diOerence between a partial and a )^iiCTa1 pUn of 

lelegrajihk conimiinif.tlicm ; that Mt. I-;dgewortli was per- 
fectly willing to pursue either, or lo adopt without reserve 
any better plan that Govemnicol shoulil approve. Thanks 
were returned, and approbation expressed. 

Nothing now appeared in siisficnse except the mode of 
the establishment, whetlier it should be civil or militaxy. 
Meantime Mr. Pelham spoke of the Chilte of York's wish 
to have a reconnoitring telegraph, and observed ihal Mr. 
Edgeworth's would be exactly what his Royal Highness 
wanted. Mr, Edgewotth in a few days constmcied a 
portable telegraph, and offered it to Mr. Pelham. He 
accepted it, and at liis request my brother Lovell carried 
it to England, and presented il to the Duke from Mr, 
Pelham. 

During the interval of my brotlier's absence in England, 
my father had no doubt that arrangements were tnaking 
for a telegraphic establishment in Ireland. But the next 
time he went to the castle, he saw signs of a change in 
the Secretary's countenance, wlio seemed much hurried, 
— promised he would write, — wrote, and conveyed, in 
diplomatic form, a final refusal. Mr. Pelh.mi indeed 
endeavored to make it as civil as he could, concluding 
his letter with these words : — 

The utility of a telegraph may hereafter be considered 
greater ; but I trust that at all events those talents which 
have been directed to this pursuit will be turned to some 
other object, and that the public will have the benefit of 
that extraordinary activity and zeal which I have witnessed 
on lliis ociasion in some other institution which I /im 
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sure ihat ihe ingenuity of the author will not require much 3 
time to snggest. 

I have the honor to be, with great respect, &c., 

T. Pelhaji.| 
Dublin Castlb, Nov. 17, 1796, 



Of his offer to establish a communication from the coast 
of Cork to Dublin, at his own expense, no notice 
taken. " He had, as was known to Government, 
pended ^500 of his own money ; as much more would ^ 
have prcctetl a temporary establishment for a year 
Cork. Thus the utility of this invention might have bee 
tried, and the most prudent government upon 
could not have accused itself of extravagance in beiil 
partner with a private gentleman in an experiment whiC 
had, with inferior apparatus, and at four times the e*- 
pense, been tried in France and England, and approveif^ 
The most favorable supposition by which we can accouB 
for the conduct of the Irish Government in this busine 
is that a superior influence in England forbade thera 
proceed. " It must," said my father, " be mortifying 
a viceroy who comes over to Ireland with enlarged views 
and benevolent intentions, to discover, when he attempts 
to act for himself, that he is peremptorily checked ; that 
a circle is chalked round him, beyond which he cannot 

No personal feelings of pique or disgust prevented Uiy : 
father from renewing his efforts to be of service to hi<- 
country. Two months after the rejection of his telej 
on Friday the 30th of December, 1 796, the French 
on the Irish coasts. Of tliis he received intelligence II 
at night. Immediately he sent a sen'ant express 10 

cretary, with a letter offering to erect telegraphs 



le had hi [htbHn. on aay Uoe tbM Ga$ttmaai rfKn^ 
lirect, and pn>po«*^ng U> Inog hit ova mai ntJi Us _ 
JT (0 join the army with fak pooaUe igfegnyh*. to rr 
CODnoiUe. His scnttni «k kdc bM^k wiih a uau IfJts 
Die Secreta^, containing mni[*iifc.ni 
>f a speedy answer ; no faaba ammK 
Upon this croersericy be c<Mid, irilk < 
iiiends, have established a 
\xtween Dublin and the uom. »hidi AodU mC bic ooal 
Ibe countiy one shilliag. My £)(faer Aoavd Bo aoMifi- 
catioQ ai the negltn:i with wAick he wm Unud. fan* 
tcknowledged that he fek OMcb "caaceni in Iviuy mi 
^portunity of saving an mnmout fafcatc lu the pvlthc, 
ad o( aUeviattog ibe uuic^ and (£mitm of ibauHixlt.*' 
Ltelc^ph «ras mosl csaatij widMsd itir Jt dw wne by 
he best-infonned |Kople jo'lrebad. av wdl « iiy tbtnr 
■fiose perceptions had nddetdy tjuktened at tbc view 
rf fminediate danger. Gn« dcdrcM, tMukruptcicfi, amd 
Ills to many liainilie*, wtre tike aiatte<{Ucaccs o< this 
Hempted invasfoo. The troofw were Juraaed iritb coa- 
Ruy orders and forced marciics, lor wwit of iatrUijicuce, 
1^ from that indeoniN) wfadi mM ahran (jc the <:oo- 
gqaence of itau&aeau infannUran. Man)' days wnc 
pent in tenor aad in Enutie«s wu^es for the Eiij^ith 
eet One tafrt may auric the hun>- and uMdusioD c^ 
le tnne ; tbe caooon and the baU sent to Banti^- ii*T 
CK of different calibre. At last Ireland va& ptoviden- 
aUy saved try the change of wind, which prevented the 

my frotn efiectiQg a la»dit% on her coast. 
filial the public will fcei litUe interest in the dange» 
r an im-asion of Ireland which migin have baK«ned 
. last ccn'.-jrr : that i; •:sn f>c of little coosequence 



tliat man's telegraph was not established, — I ai 
and 1 am sensible that few will ca^e how c 
might have been obtained, or will be greatly i 
in hearing of generous offers which were not ; 
and patriotic exertions which were not pennitt 
oF any national utility. I know that as a bio^ 
am expected to put private feelings out of the c 
and this duty, as far as human nature will pennil 
1 have performed. 

The facts are stated from my own knowtec 
from a more detailed account in his own "Letter 
Charlemont on tlie Telegraph," — a political p 
uncommon at least for its temperate and good-t 
tone. 

Though all his exertions to establish a lelegiaii 
land were at this lime unsuccessful, yet he pene 
the belief that in future modes of telegraphic CO 
cation would be generally adopted ; and instead 
hopes being depressed, they were raised and el 
by new consideration of the subject in a scientifi 
In the sixth volume of the " Transactions of th( 
Irish Academy," he published an " Essay on the Art 
veying Swift and Secret Intelligence," in which he 
comprehensive view of the uses to which the systi 
be applied, and a description, with plates, of I 
machinery. Accounts of his apparatus and sp 
of his vocabulary have been copied into various 
publications, therefore it is sufficient here to 
them. The peculiar advantages of his machiu 
sist, in the first place, in being as free from It 
possible, consequently in its being easily moved, 
easily destroyed by use ; in the next place, on i 
simple, conseqiien\.\5 easy to make and lo reps 
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iaeaiis of !ani|)s, I was not present at the t 
■remember your menlionbg the circumstance to mc a 
the same year. All these particulars were brought ve 
Strongly to my memory when the French, some yeara sf 
conveyed intelligence by signals; and I then ihougll 
and declared that the merit of the invention undoubted^ 
belonged to you. I am very glad_ that I have it if 
power lo send you this confirmation, because 1 imagiM 
there is no other person now living who can bear wi 
to J' our observations in Berkshire. 
I remain, dear Sir, 

Your affectionate friend, 

James L. PekhB. 
Bath, Dec, g, tyg$. 

Claims of priority of invention are always listened 
with doubt, or, at best, with impatieuce. To ihose 
bring the invention to perfection, who actually ada 
to use, mankind are justly most grateful, and to it 
rather than to the original inventors, grant the ho 
of a triumph. Sensible of this, the matter is urg«^ 
farther, but left to the justice of posterity. 

I am happy to state, however, one plain tact, * 
stands independent of all controversy, that my fed 
was the_fii-si, and I believe the only, telegraph which 
spoke across the Channel from Ireland to Scotland, 
was, as he says in his essay on this subject, "ambi 
of being the first person who should connect the id 
more closely by facilitating their mutual 
■and on the 24tb of August, 1794. my brothers M 
itisfaction of sending by my father's telegraph foui' 
> the Channel, and of receiving imnw 

iwers, before a vast concourse of spectators. 
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Edgeuiortk to Dr. Daru.nn. 

Edgeworthtown, Dec ii, 1794. 

I have been employed for two months in experiments 
dpon a telegraph of my own invention. I tried it par- 
tially twenty-six )'ears ago. It differs from the French in 
distinctness and expedition, as the intelligence is not con- 
veyed alphabetically- . . . 

I intended to .detail my telegraphs (in the plural), 
but I find that I have not room at present. If you think 
it wortli while, you shall have the whole scheme before 
you, which I know you will improve for me. Suffice it, 
that by day, at eighteen or twenty miles' distance, I show, 
fey four pointers, isosceles triangles, twenly feet high, on 
four imaginary circles, eight imaginary points, which cor- 
respond with the figures 

o, I, 2, I, 4, s, 6, 7. 
that seven thousand different combinations are formed, 
of four figiu-es each, which refer to a dictionary of words 
fliat are referred to, — of lists of the navy, army, militia, 
Jords, commons, geographical and technical terms, &c., 
^idea an alphabet. So that everything one wishes may 
J»e transmitted with expedition. 

By night, white lights are used. 

Dr. Darwin to Mr. Edgeworth. 

DsRBV, March 15, T795. 
Dear Sir, — 1 beg your pardon for not immediately an- 
nvering your last favor, which was owing to the great in- 
luence the evil demon has at present in all affairs 
iarti). That is, I lost your letter, and have in vain looked 
►ver some scores of papers, and cannot find it. 
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ondly, having lost your letter, I dsdly hoped to find it 
again — without success. 

The telegraph you described I dare say would answer 
the purpose. It would be like a giant wielding his long 
arms and talking with his fingers ; and those long arms 
might be covered with lamps in the night. You would 
place four or six such gigantic figures in a line, so that 
they should spell a whole word at once ; and other such 
figures in sight of each other, all round the coast of Ire- 
land ; and thus fortify yourselves, instead of Friar Bacon's 
wall of brass round England, with the brazen head, which 
spoke, " Time is ! Time was ! Time is past ! " 



MR. EDGEWORTH'S MACHINE. 

Having slightly mentioned the contrivances made use 
of by the ancients for conveying intelligence swiftly, and 
having pointed out some of the various important uses to 
which this art may be applied, I shall endeavor to give a 
clear view of my attempts on this subject. 

Models of the French telegraph have been so often 
exhibited, and the machine itself is so weU known, that it 
is not necessary to describe it minutely in this place. It 
is sufficient to say that it consists of a tall pole, with three 
movable arms, which may be seen at a considerable dis- 
tance through telescopes ; these arms may be set in as 
many different positions as are requisite to express all the 
different letters of the alphabet. By a successive combi- 
nation of letters shown in this manner, words and sen- 
tences are formed and intelligence communicated. No 
doubt can be made of the utility of this machine, as it has 
been applied to the most important purposes. It is ob- 



viously liable to mistake^ from the namber of cfaai^^tt 
requisite for each woni, and Ironi ihc vdocity wilh wMch 
it must be moved to convey ioteUigencc with any loj- 
erabk expedition. 

The name, however, which is weU chosen, has become 
so fotnilior, that I ahall, with a dight allenuion, adopt it 
(or tile apparatus which I am going lo dcsrribt. TfU- 
graph is a proper oaine for a machine which dcsmlics 
at a distance. Telelograph, or contractedly Tdlegrafh, k 
a proper name for a machine that describes teordi at a 
distance. 

Dr. Hooke, to whom every mechanic philosopher 
must recur, has written an essay upon the subject of con- 
veying swift intelligence, in which he proposes to use large 
wooden letters in suci:ession. The siege of Vienna mmed 
his attention to the business. His method is more cum- 
brous tlian the French telegraph, but far less liable to 
error. 

I tried it before I had seen Hooke's work, in the year 
1767 in London, and I could distinctly read lettere illu- 
minated witli lamps in Hampstead Churchyard, from the 
house of Mr, Elers in Great Russell Street, Bloomsbury, to 
whom I refer for date and circumstance. To him and to 
Mr. E. Delaval, F.R.S., to Mr. Perrot, of Hare Hatch, 
and to Mr Woulfe the chemist, I refer for the precedency 
which I claim in this invention. In tliat year I invented 
the idea of my present lellograph, proposing to make use 
of windmill sails instead of the hands or pointers which 
I now employ. Mr. Perrot was so good as lo accompany 
me more than once to a hill near his house to observe 
with a telescope the windmill at Nettlebed, which places 
are, I think, sixteen miles asunder. My intention at thai 
time was to convey not only a swift but an unsuspected 



mode of intelligence. By means of com 

this might have been elTected, before an account of tb 

French lekgraph was maile public. 

My machinery consists of four triangular pointes 
hands [each upon a separate pedestal, ranged along ini 
row], each of which points like the hand of a clock to dS 
ferenl situations in the circles which they describe, 
is easy to distinguish whether a hand moving vertical!] 
points perpendicularly downwards or upwards, horizonialt 
to the right or left, or to any of the four intermedia 
positions. 

The eye can readily perceive the eight different pos 
tions in which one of the pointers is represented [on tl 
plate attached to the article in the " Transactions," 
omitted]. Of these eight positions seven only are emplojt 
to denote figures, the upright position of the hand or poinS 
being reserved to represent o, or zero. The figures lb 
denoted refer to a vocabulary in which all the words a 
numbered. Of the four pointers, that which appeanl 
the left hand of the observer represents thousands; l' 
Others hundreds, tens, and units, in succession, as in c 
mon numeration. 

[By these means, as Mr. Edgeworth showed, nunJ 
from I up to 7,777, omitting those Iiaving a digit abo«' 
could be displayed to the distant observer, who on ref 
ring to his vocabulary discovered that they meant R 
expressions as it might seem convenient to transmit I 
this excellent invention. ] 
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Although the electric telegraphs have long since s 

eeded telegraphs of this class in public use, the } 

:ople of Colonel Ingham's class took great pleas 

next summer in using Mr. Edgeworlh's 
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cominunicate with each other, by plans easily made in 
their different country homes. 

It may interest the casual reader to know that the first 
words in the first message transmitted on the telegraph 
between Scotland and Ireland, alluded to above, were 
represented by the numbers 2,645, ^'ZZ^' 573' *)i^3> 
244, 2,411, 6,336, which being interpreted are, — 
" Hark from basaltic rocks and giant walls," 

and so on widi the other lines, seven in number. This is 
Mr. Edgeworth's concise history of telegraphy before his 
time. 

The art of conveying intelligence by sounds and signals 
.IS of the highest antiquity. It was practised by Theseus in 
I the Argonautic expedition, by Agamemnon at the siege 
Nof Troy, and by Mardonius in the time of Xerxes. It is 
Kmentioned frequently in Thucydides. It was used by 
p Tamerlane, who had probably never heard of die black 
1 ■ aalls of Theseus ; by the Moors in Spain ; by the Welsh 
% Britain ; by the Irish ; and by the Chinese on that famous 
tt by which they separated themselves from Tartary. 



U this detail about Mr. Edgeworth's telegraph resulted 

buch search in the older encycloptedias. Quite full 

:re found, by the young people, of his system, 

if ihe French system afterwards employed, and worked 

mce until the electric telegraph made all such inven- 

^ uimecessary. 

tfore the next meetmg, Bedford Long, who lived on 
bland Street in Roxbury, and Hugh, who lived on 
fr-Bide of Corey Hill, were able to communicate with 
I other by semaphore ; and at the next m.eft\.\n5,'Cwt>i 
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arranged two farther stations, so that John, at Cambridge, 
and Jane Kortescue, at Lexington, were in the series. 

There being sotne half an hour left that afternoon, the 

children amused themselves by looking up some other of 

^fr. Edgeworth's curious experiments and vagaries. 



^^" MORE OF MR. EDGEWORTH'S FANCIES. 

During my residence at Hare Hatch another wager 
was proposed by me among our acquaintance, the pur- 
port of which was that I undertook to find a tnaa who 
should, with the assistance of machinery, walk faster ihaa 
any other person that could be produced. The machinery 
which I intended to employ was a huge hollow wheel, 
made very light, withinside of which, in a barrel of 
diameter, a man should walk. Whilst he stepped thiitj 
inches, (he circumference of the large wheel, or rather 
wheels, would revolve five feet on the ground ; 
machinery was to roll on planks and on a plane somewhst 
inclined, when once the vis inertia of the machine shouH 
be overcome, it would carry on the man within it as 6at 
as he could possibly walk. I had provided means A 
regulating the motion, so that the wheel should not 
, away with its master. I had the wheel made ; and when 
it was so nearly completed as to require but a few houis' 
work to finish it, I went to London for Lord Effingham, 
to whom I had promised that he should be present at the 
first experiment made with it. But the bulk and extraof 

tdinary appearance of my machine had attracted the BO- 
tice of the country neighborhood ; and, taking adv^ntJjt 
bf my absence, some idle curious persons went to 
Carpenter I employed, wl\o lived on Hare Hal 
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mon. From him they obtained the great wheel which 
had been left by rae in his care. It was not finished. 
I had not yet furnished it with the means of stopping 
or moderating its motion. A young lad got into it ; his 
companions launched it on a path which led gently down 
hill towards a very steep chalk-pit. This pit was at such 
z. distance as to be out of their thoughts when they set the 
wheel in motion. On it ran. The lad withinside plied his 
legs with all his might. The spectators, who at first stood 
stiil to behold the operation, were soon alsu'med by the 
shouts of their companion, who perceived his danger. The 
vehicle became quite ungovernable ; the velocity increased 
as it ran down hill. Fortunately the boy contrived to jump 
from his rolling prison before it reached the chalk-pit ; but 
the wheel went on with such velocity as to outstrip its 
pursuers, and, rolling over the edge of the precipice, it was 
dashed to pieces. 

The next day, when 1 came tb look for my machine, in- 
tending to try it on some planks which had been laid for 
it, I found, to ray no small disappointment, ihat the object 
of all my labors and my hopes was lying at the bottom of 
chalk-pit. broken into a thousand pieces. I could not 
that time afford to construct another wheel of this sort, 
I cannot therefore determine what might have been 
access of my scheme. 

on the subject of carriages, I shall mention 

iling- carriage that I tried on this common. The 

was light, steady, and ran with amazing velocity. 

day, when I was preparing for a sail in it with my 

schoolfellow Mr. William Foster, my wheel- 

; escaped from its moorings just as we were going to 

non board. With the utmost difficulty I overtook it ; 

. I saw three or four stage-coaches otv tiv« ^oaji, ■si.'cA 
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feared thai this sailing-chariot miglit frighten their horsey 
I, at the hazard of my lifo, got into my carriage while it w 
un<ler full sail, and then, at a favorable part of tlie road, 
used the means I had of guiding it easily out of the iiTf. 
But the sense of the mischief which must have ensued 3 
I liad not succeeded in getting into the machine at the 
[iropiir place and stopping it at the right n 
Strang as to deter me from trying any more experiraena 
on tills carriage in such a dangerous place. 

Such should never be attempted except on a large 
mon, at a distance from a high road. It may not, howEVO] 
be amiss to suggest ihat upon a long extent of iron lait 
way in an open country carriages properly constmcteJ 
might make profitable voyages, from time to time, 
sails instead of horses ; for though a constant or regidll 
intercourse could not be thus carried on, yet goods of» 
certain sort, that are sabble at any lime, might be slotal 
till wind and weather were favorable, 

When Bedford had read this passage, John Fordyce siiJ 
he had travelled hundreds of miles on tlie Wesieni laif' 
ways where Mr. Edgeworth's sails could have been applW^ 
without a " stage-coach " to be afraid of them. 



JACK THE DARTER. 

In one of my journeys from Hare Hatch to I 

ham, I accidentally met with a person whom I 

chanic, had a curiosity to see. This was a ' 

i^d amused London with a singular exlu'bition o 

i called Jack ihe Darkr. He 1 
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through a greater space than the hand, whilst the hand 
continues to communicate motion to the body to be im- 
pelled, the body will acquire a velocity nearly double to 
that of the hand which throws it. The ancients were 
aware of this ; and they wrapped a thong of leather round 
their javelins, by which they could throw them with addi- 
tional violence. This invention did not, I believe, belong 
to the Greeks ; nor do I remember its being mentioned 
by Homer or Xenophon. It was in use among the Ro- 
mans, but at what time it was introduced or laid aside I 
know not. Whoever is acquainted with the science of 
projectiles will perceive that this invention is well worthy 
of their attention. 



A ONE-WHEELED CHAISE. 

After having satisfied my curiosity about Jack the 
Darter, I proceeded to Birmingham. I mentioned that I 
travelled in a carriage of a singular construction. It was 
a one-wheeled chaise, which I had had made for the pur- 
pose of going conveniently in narrow roads. It was made 
fast by shafts to the horse's sides, and was furnished with two 
weights or counterpoises, that hung below the shafts. The 
scat was not more than eight and twenty or thirty inches 
from the ground, in order to bring the centre of gravity 
of the whole as low as possible. The footboard turned 
upon hinges fastened to the shafts, so that when it met 
with any obstacle it gave way, and my legs were warned 
to lift themselves up. In going through water my legs 
were secured by leathers, which folded up like the sides 
of bellows ; by this means 1 'was pi^xx.^ ^^i^ licim ^et. On 
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,y road to Bimiingham I passed tlirough Long Conipton, 
. Warwickshire, on a Sunday. Tiie people were return- 
ig from church, and numbers stopped to gaze at me, 
here is, or was, a sliallow ford near tlie town, over which 
lere was a very narrow bridge for horse and loot pas- 
jngers, but not sufficiently wide for wagons or chaises. 
Owards this bridge I drove. The people, not perceiving 
\b structure of my one-wheeled vehicle, called to me with. 
[Bat eagernuss to warn me tlut the bridge was too nar- 
Iw for carriages. I had an excellent horse, which went 
j feat as to give but little time for examination. The 
nder they called, the faster 1 drove ; and when I had 
teed the bridge, they shouted after me with surprise. I 
* on to Shipstone upon Stone ; but before I had dined 
eie I found that my fame liad overtaken me. My car- 
Ce was put into a coach-house, so thai those who came 
■•n Long Comjiton, not seeing it, did not recognize rae. 
fcerefore had an opportunity of hearing all die exaggera- 
fe and strange conjectures which were made by those 
o related my passage over the narrow bridge. There 
■ posts on tiie bridge, to prevent, as I suppose, more 
: horseman from passing at once. Some of the 
^tors asserted that my carriage had gone over these 
; olhcra said that it had not wheels, which was in- 
litcrally true ; but they meant to say chat it was 
: any wheel. Some were sure that no carriage 
;nl so fast ; and all agreed that at the end of the 
le, where the floods had laid the road for some way 
' water, my carriage swam on the surface of the 
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JAMES WATT. 

" T T NCLE FRITZ," said Mabel LiddeU, the next after- 

^^ noon that our friends had gathered together for a 
reading, " would it not be well for us all to go down into 
the kitchen this afternoon, and watch the steam come out 
of the kettle as Ellen makes tea for us? " 

"Why should it be well, Mabel?" said Colonel Ing- 
ham. " For my part, I should prefer to remain in my own 
room, more especially as I consider my armchair to be 
more suited to the comfort of one already on the down- 
ward path in life than is the kitchen table, where we should 
have to sit should we invade the premises of our friends 
below." 

" I was thinking," said Mabef, " of the manner in which 
James Watt when a child invented the steam-engine, 
from observing the motion of the top of the teakettle; 
and as we are to read about Watt this afternoon I thought 
we might be in a more fit condition to understand his 
invention, and might more fully comprehend his frame of 
mind while perfecting his great work, should we also fix 
our eyes and minds on the top 'of the teakettle in Ellen's 
kitchen." 

" Mabel, my child," said Uncle Fritz, " you talk like 
'a book, and a very interesting one at that ; but I think, 
as the youngest of us wo\i\d ?»3l^, \)cv^\. ^qvsi ^xe \ust a little 



n your remaiks. And as I oljsene that Clem, who is 
; to read this afternoon, desires to deliver a sennon 
of which your conversation seems to be tiie text, I will 
request all to listen to him before we consider seriously 
vacating this apaitment, however poor it inay lie," — and 
he glanced fondly around at the comfortahlc arrangements 
that everywhere pervaded the study, — "and seek the 
regions below." 

" I only wanted to say," began Clem, " that although 
Watt did on one occasion (in his extreme youth) look at a 
teakettle with some interest, he was not in the habit, at the 
time when he devoted most thought to the steam-engine, 
of having a teakettle continually before him that he might 
gain inspiration from observing the steam issue fiom its 
And, as Watt dispensed with this aid, I have no 
doubt that we may do so as well, contenting ourselves 
with the results of the experiments in the vaporization of 
water, which Ellen is now conducting in the form of tea. 
Besides all ihis, however, I do want to say some things, 
before we read aloud this afternoon {I hope this isn't 
really too much like a sermon), about the steam-engine 
and the part that Watt had in perfecting it." 

At this point the irrepressible Mabel was heard to whis- 
per to Bedford, who sat next her : " Was n't it curious that 
the same mind which grasped the immense capabilities 
of the steam-engine should have been able also to con- 
struct such a delicate lyric as 

'Hawdolli the little busy bcc 
Improve each ihinlng hnur ' ? " 

"Mabd," said Colonel Ingham, "you are absolutely 
unbearable. If you do not keep in better order \ ^K^\ife 
sorry ^at I dissuaded you from descending to i\\e fe'uiassi^ < 



I see nothing incongruous myself in indulging in mechaii- . 
icai experiinents, ami in throwing one's thoughts into the 
forni of verse," — here the old gentleman colored slighllfi 
as though he recollected something of the sort, — " 
may be well to counteract the impression your convcRatioo 
may have made by stating that Isaac Watts did not invenl 
the steam-engine, nor did James Watt write the beautifu 
words you have just quoted. — Now, Clem, I believe ) 
have tiie floor." 

" Well," said Clem, " I only want the floor for a Aai 
time in order to explain about Watt and the steam-engine 
and how much he was the inventor of it, before we b^ 
to read. 

" There are various points about the steam-engine whi<4 
are really Watt's invention, — the separate condensoi 
for instance, — but the idea of the steam-engine was no 
original with him ; that is, when he saw the steam in til 
teakettle raise the lid and drop it again, he was nc 
first to speculate on the power of steam." 

'• Are yoiv going to read us that part in the book, Cleni'JI 
asked Bedford, with some interest. 

" Yes, if you like," said Clem. " I guess it tells about i 
in Mr. Smilea's ' Life of Watt.' " So he began to ove! 
haul the book lie had brought, and shortly discovered tl 
anecdote referred to by Mabel with such interest, ai 
read it. 

" On one occasion he [James Watt] was reproved il 
Mrs. Muirheaii, his aunt, fur his indolence at the tea-tabU 
'James Watt,' said the worthy lady, 'I never saw 
an idle boy as you are. Take a book, or employ yourse 
usefully ; for the last hour you have not spoken one wonJ 
but taken off the lid of that kettle and put it on agois 
hold'iDg now a cup and now a s\\-je'( s^uoti w4«:\ \!ja steam 
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itching how it rises from the spout, c.ituhing and count- 
lag the drops it falls inio.' In the view of M, Arago, 
tiie little Jaraes before the teakettle, becomes the greal 
engineer, preparing the discoveries which were soon to 
intmortalize him. In our opinion, the judgment of the 
aant was the truest. There is no reason to suppose thai 
the mind of the boy was occupied with pliilosophJcal theo- 
ries on the condensation of steani, which he compassed 
with so much difficulty in his maturer years. This is more 
probably an afterthought borrowed from his subsequent 
discoveries. Nothing is commoner than for children to 
be amused with such phenomena in the same way that 
they will form air-bubbles in a cup of lea, and watch them 
sailing over the surface till they burst. The prolwbility is 
that little James was (juite as idle as he seemL-d," 

" That is very interesting," rentarked Mabel. " Don't 
you think now. Uncle Fritz, we had better go into the 
kitchen ? " And she looked appealingly at the old gen- 
Ueman, who merely held up his finger for silence as Cleni 
continued his lecture. 

" What I meant to say," Clem went on, " was that other 
people before Watt had found out the power of steam, and 
had used it too. There was one Hero of Alexandria, who 
lived about two thousand years ago, who used steam for 
many interesting purposes, notably for animating various 
figures that took part in the idolatrous worship of his time, 
and thus in deceiving the common people. But his con- 
trivances, though engines which went by steam, would 
hardly be called steam-engines. Between Hero of Alex- 
andria, of x6o B. c, and the Marquis of Worcester, of 
1650 A. D., there does not seem to have been much doing 
^ay of inventing the steam-engine. Bvki 'tVic 'N^- 
Charles II. 's lime was a gte.aX ^v 
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losophcr, and did nobody knows txacdy what with steam. 
But Uiough he did great things, he did not produce 
particularly capable engine, though he seems to havjj 
knuwn more about steam than anybody else did at 
time. After the Marquis of Worcester and before Wat^ 
there were three men who did much towards inventin] 
and improving the steam-engine. Their names wen 
Savery, Papin, and Newcomen. I don't propose tQ 
tell you about the inventions of each one ; but it 
well enough to remember that each one did iraporlanj 
service in getting the steam-engine to the point where 
Watt took hold of it. As it was on Newcome 
that Watt made his first serious experiments, I think 
should all like to know something about it." 



THE NEWCOMEN ENGINE. 

Newcomen's engine may be thus briefly described : "ITi^ 
steam vras generated in a separate boiler, as in Saveryli 
engine, from which it was conveyed into a vertical cylim 
der underneath a piston fitting it closely, but movable 
upwards and downwards through its whole length. The 
piston was fixed to a rod, which was attached by a joii 
or chain to the end of a lever vibrating upon aii axis, thfl 
other end being attached to a rod working a pump; 
When the piston io the cylmder was raised, steam wag 
let into the vacated space through a tube fitted into the 
top of the boiler, and mounted with a stopcock. The 
pump-rod at the further end of the lever being thus de- 
pressed, cold water was applied to the sides of the cyl-' 
inder, on which the steam within it was condensed, a 
vacuum vias produced, and xWe e:iS.tm,a\ ak, yressinj 



upon the top of th*: pt,; 

cylind». The putnp-m.! »» [ir=j---.T r^jm^. m 
opentioD of de^asm.^ it bcnj ■^■ ■ r . » |«b 
thus produced which kept ilie [naap t^xsiamm* m 
Such, in a few wofds, w» Ac ea«HB^M» mA ac 
Newcomen's fine engine.* 

While the engine w» id ■ « iiitf mmt, s «■■ 
ddent occurred whkh led k> s ^a^ i* Ar « 
condensation, and pCDved of CHBaCirf aapwoMtx 
tablishing Newconen* ^pae j» « f— Au' ■ 
power. Theacckksm^B:: MoaAvvo hcKj'ti 
inder as free from a 
tojncvent it 
was carefulljr i 

fiiither to k eep Aecjfeeds av^^x iioeatib'irf'M 
was kept conaandjr oo dKifpvwlectf <br fKUm 
one of the k2bAj ifiA Ac ■ 
see the engine makx «e«ml 
soccesstoQ ; and oa wmtHag Iv Ae cauie, tbn IwUMl it 
to consist msAA&M /(if /mIm, wtudi bad let tU coM 
water in a jet iaio dK iande uf ttir •^lindcr, and tbB(rii)r 
prodnced a nptd vacoan Iqr the uKol^TSsttkia of the 
cotuiiiuied vxam. A new fi^ sud^-uiv tmfce upoa 
Newcomcn. The idea ofcoutkasiitg tf^ iujvtnioa of oc>)d 
vatex dtrecdj into the cj^inder. inatead lA api^iyiug it oa 
die ontade, at ooce occwed to hnu: and be pntcvcded 
to embody the eqwdiott winch had thus been a^-cida)- 
tafly goegcsted ja pan of ha tnachiDe. Tbe resuk was 

Igr (he jKBUpc whidi boe fiKsaT. all liner En^iland. U' knp Itu niiint 
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^■nii Ikas dE iiuncfiiHier gEnetiJIr i" use 
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the addition of the injt'clion pipe, through wliich, w 
ihe piston was raised and the cylinder full of steam, a jet 
of cold water was llirown in, and, the steam being sud- 
denly condensed, the piston was at once driven down by 
the pressure of the atmosphere. 

An accident of a different kind shortly after led to th* 
improvement of Newcomen's engine in another respect; 
To keep it at work, one man was required to attend .tb^ 
fire, and another to turn alternately the two cocks, onS 
admitting the steam into the cylinder, the other admittii^ 
the jet of cold water to condense it. The turning of thes 
cocks was easy work, usually performed by a boy. It was 
however, a very monotonous duty, though requiring con 
slant attention. To escape the drudgery and obtain U 
interval for rest or perhaps for play, a boy namei 
Humphrey Potter, who turned the cocks, set himself ti 
discover some method of evading his task. He miw 
have been an ingenious boy, as is clear from the arrar 
ment he contrived with this object, Olserving the a 
nate ascent and descent of the beam above his head, h« 
bethought him of applying the movement to the altematflj 
raising and lowering of the levers which governed the 
cocks. The result was tlie contrivance of what he called 
the scoggan (meaning presumably the loafer or lazy boy), 
consisting of a catch worked by strings from the beam o 
the engine. This arrangement, when tried, was found Xo 
answ th p rp 'ntended. The action of the engine 
was tl J t natic ; and the arrangement, thongl^ 

rude 1> hi d Potter to enjoy his play, but it had 

the ff f rop mg the working power of the ( 
itself th n b of strokes which it made being in- 
creas d f m ight to fifteen or sixteen in the miiv 

ate. This invention was after«3.td ge^oJ.-,' imijroved ,bj 
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Mr. Ht;nry Beighton, of Newcastle- on-Tyne, who added 
the plug-rod and hand-gear. He did away with the 
-catches and strings of the boy Potter's mde apparatus, 
and substituted a rod suspended from the beam, which 
alternately opened and shut the tappets attached to ihe 
I Steam and injection cocks. 

Thus, step by step, Newconien's engine grew in power 

I flOd efficiency, and became more and more complete as a 

Jself-acting machine. It will be observed that, iike all 

r inventions, it was not the product of any one man's 

fenuity, but of many. One contributed one improve- 

JTlnent, and another another. The essential features of the 

l-fltmospheric engine were not new. The piston and cylin- 

: had been known as long ago as the time of Hero. 

^e expansive force of steam and the creation of a vac- 

1 by its condensation had been known to the Marquis 

t Worcester, Savery, Papin, and many more. Newcomen 

M-ely combined in his machine the result of their varied 

ce ; and, assisted by the persons who worked with 

kjai, down to the engine-boy Potter, he advanced the in- 

mtion several important stages ; so that the steam-engine 

-y longer a toy or a scientific curiosity, but had be- 

a powerful machine capable of doing useful work. 



JAMES WATT AND THE STEAM-ENGINE. 

s in the year 1759 that Robison' first called the 

1 of his friend Watt to the subject of the steam- 

Robison was then only in his twentieth, and 

i Rolnson, at this time a student at Glasgow Culleg^ 
Vrroftssor a! Natural Philosophy at Edinburgh. He WW 
pof lie Marine Cailet Academy at CronsC 
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Watt in his twenty-third year. Robiso 
the power of steam might be advajita 
the driving of wheel-carriages ; 
would be the most convenient for the j 
the cylinder with its open end downw: 
necessity of using a working-beam. \V 
was very ignorant of the steain- engine a 
theless, he began making a mode! will 
tin plate, intending thai the pistons and tti^ 
rods should act alternately on two pinions ^ 
axles of the carriage-wheels. But the mod( 
and inaccurately made, did not answer 1; 
Other difficulties presented themselves, i 
was laid aside because Robison left Glasgow 
Indeed, mechanical science was not yet r 
motive. Robison's idea had, however, 'c 
into the mind of his friend, where 
slowly and at length fruitfully. 

At his intervals of leisure and i 
ings. Watt continued to prosecute his various ^ 
was shortly attracted by the science of chem 
its infancy. Dr. Black was at that time occupiS 
investigations which led to his discovery of tJ 
latent heat, and it is probable tliat his familiar o 
with Watt on the subject induced the latter to e 
a series of experiments with the v 
some practical direction, 
reverted to the steam-engine, thoi 
even a model of one. Steam was 
in Scotland as a working power, 
erected at Elphinstone Colliery, i 
year 1 750 ; and the second more than ten yeara lata 
Govan Colliery, near Glasgow, where it was known \tj 




■t givmg t 
1 again £ 
igh he had n 
as yet almost it 
. The first 1 
n Stirlitigshhe, about' 



ag name of ■' The Firework." This had not, how--! 
been set up at ihe time Watt had begun to inquire ' 
he subject. But he found that the college possessed 
lodel of a Neivcomen engine for the use of the Nat- 
'hilosophy class, which had been sent to London for 
-. On hearing of its existence, he suggested to his 
I Dr. Anderson, Professor of Natural Philosophy, the 
iety of getting back the model ; and a sum of money _ 
)laced by the Senatus at the professor's disposal, ' 
er the steam-engine from Mr. Sisson, instrumenia 
r in London." 
the mean time Watt sought to leam all that had bees 
n on the subject of the steam-engine. He ascet 
I from Desaguliers, Switzer, and other writers, whatl 
)een accomplished by Savery, Newcomen, Beightor 
)thers ; and he went on with his own independent 
iments. His first apparatus was of the simplest pos- 
kind. He used common apothecaries' phials for h 
, reservoirs, and canes hollowed out for his steam-^ 

In 1761 he proceeded to experiment on the force 
am by means of a small Papin's digester and a syringaj 
yringe was only the third of an inch in diameter, fittetf^ 
L sohd piston ; and it was connected with the digested 
pipe furnished with a stopcock, by which the steam 1 
Emitted or shut off at will. It was also itself provided "] 
1 stopcock, enabling a communication to be opened, j 
sn the syringe and the outer air to permit the steam i 
e syringe to escape. Tlie apparatus, though rude,.l 
ed the experimenter to ascertain some important^ 
When the steam in the digester was raised and thaj 
ttiTQed, enabling it to rush against the lower side ou 
iston, he found that the expansive force of the steatfl] 
'■ a weight of fifteen [jounds, widi whvtU \\\e ■^x'SM 
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was loaded. Then on turning on the cock and shiiicing off 
the connection with ihe digester at the same time that & 
passage was opened to ihe air, the sleara was allowed to 
escape, when the weight upon the piston, being no longer 
counteracted, immediately forced it to descend. 

Watt saw that it would be easy to contrive that the 
cocks should be turned by the machinery itself with per. 
feet regularity. Bat there was an objection to this method.; 
Water is converted into vapor as soon as its elasticity it 
sufficient to overcome the weight of the air wWch keeps it 
down. Under the ordinary pressure of the atmosphere 
water acquires tiiis necessary elasticity at 212" ; but as the 
steam in the digester was prevented from escaping, it ac- 
quired increased heat, and by consequence increased elas 
ticity. Hence it was that the steam which issued from th( 
digester was not only able to support the piston and th( 
air which pressed upon its upper surface, but the additionaj 
load with which the piston was weighted. With the im- 
perfect mechanical construction, however, of those daysj 
there was a risk lest the boiler should be burst by the 
steam, which was apt to force its way through the ill-madQ 
joints of the machine. This, conjoined with the great ex-* 
penditure of steam on the high-pressure system, led Watt 
to abandon the plan ; and the exigencies of his business 
for a time prevented him from pursuing his experiments. 

At length the Newcomen model arrived from London; 
and in 1763 the little engine, which was destined to be* 
come so famous, was put into the hands of Watt, Thef 
boiler was somewhat smaller than an ordinary teakettle:. 
The cylinder of the engine was only of two inches diameter 
and six inches stroke. Watt at first regarded it as raerelyi 
" a fine plaything." It was, however, enough to set hini 
opon a. track of thinking wlik\\\ed \ci vVie most important 



results. When he hart rc|jaircd the model and set it to 

work, he found that the boiler, tliough apparently large 

enough, could not supply steam in sufficient quantity, and 

only a few strokes of the piston could be obtained, when 

the engine stopped. Tlie fire was urged by blowing, and 

more steam was produced j but still it would not work 

properly. Exactly at the point at which another man 

. would have abandoned the task in despair, the mind of 

, Watt became thoroughly roused. " Everytliing," saj^ 

ft'ofessor Robison, " was to him the beginning of a. new 

and serious study ; and I knew that he would not quit it 

' till he had either discovered its insignificance or had made 

"something of it." Thus it happened with the phenomena 

Jpresented by the model of the steam-engine. Watt re- 

^^feired to his books, and endeavored to ascertain from them 

' jtjy what means he might remedy the defects which he 

^Rrand in the model ; but they could tell him nothing. He 

a proceeded with an independent course of experi- 

its, resolved to Work out the problem for himself. la 

course of his inquiries he came upon a fact which, 

e than any other, led his mind into the train of thought 

;h at !ast conducted him to the invention of wliich the 

ilts were destined to prove so stupendous. This fact 

the existence of latent heat. 

In order to follow the track of investigation pursued by 

att, it is necessary for a moment to revert to the acdon 

the Newcomen pumpiug-engine. A beam, moving 

centre, had affixed to one end of it a chain attached 

the piston of the pump, and at the other a cham at- 

a piston that fitted into the steam- cylinder. It 

by driving this latter piston up and down tlie cylinder 

the pump was worked. To communicate the neces- 

[jnovement to the piston, the steam generated va. a. 
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boiler was admitted to the bottom of the cylindi 
out the air through a valve, where its pressure cJn 
side of the piston counterbalanced the pressure 
mosphere on its upper side. The piston, -thus pi 
tween two equal forces, was drawn up to the t< 
cylinder by the greater weight of the pump-ges 
opposite extremity of die beam. The steam, so 
discharged the office of the air it displaced ; but ij 
had been allowed to remain, the piston once at 
the cylinder could not have returned, being pi 
much by the atmosphere underneath as by the atm< 
above it. The steam, on the contrary, which was 
by the exclusion of air, could be condensed^ and a 
created, by injecting cold water through the bottom^ 
cylinder. The piston, being now unsupported, was; 
down by the pressure of the atmosphere on its up] 
face. When the piston reached the bottom, the 
again let in, and the process was repeated. Such 
engine in ordinary use for pumping water at the time 
Watt began his investigations. 'i 

Among his other experiments, he constructed a bd 
which showed by inspection the quantity of water evi 
orated in any given time, and the quantity of steam U8 
in every stroke of the engine. He was astonished to d 
cover that a small quantity of water in the form of stei 
heated a large quantity of cold water injected into I 
cylinder for the purpose of cooling it ; and upon fiutl 
examination he ascertained that steam heated six tin 
its weight of cold water to 212°, which was the tempe: 
ture of the steam itself " Being struck with this remai 
able fact," says Watt, " and not understanding the reas 
of it, I mentioned it to my friend Dr. Black, who tfa 
explained to me his doctrine of latent heat, which he fa 
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some time before ibis period (the summer of 
,t having myae¥ been occupied by the pursuits 
, if I had heard of it I had not attended to it, 
s stumbled upon one of the material facts by 
beautiful theory is supported." 
Vatt found that water in its conversion into 
ime such a reservoir of heat, he was more 
jcnt on economizing it : for the great waste of 
'ing 50 heavy a consumption of tuel was felt to 
icipal obstacle to the extended employment of 
, motive power. He accordingly endeavored, 
ime quautity of fuel, at once to increase the 

of steam and to diminish its waste. He 
ihe heating surface of the boiler by making 
gh it ; he even made his boiler of wood, as 
'Orse conductor of heat than the brickwork 
ounds common furnaces ; and he cased the 
od all the conducting pipes in materials which 

heat very slowly. But none of these con- 
'ere effectual ; for it turned out that the chief 
; of steam, and consequently of fiiel, in the 
, engine, was occasioned by the reheating of 
;r after the steam had been condensed, and 
:r was consequendy cooled by the injection 
le cold water. Nearly four fifths of the whole 
iloyed was condensed on its first admission, 
surplus could act upon the piston. Watt 
:atne to the conclusion that to make a perfect 
Qe it was necessary thai the cytimier should be 

hot as the steam that entired it ; but it was 
cessary that the steam should be condensed 

piston descended, nay, that it should be ^ 
[bolow ioo°, or a considerable aiwoviW. q^ 
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vapor would be given off, which would resist the 
of the piston, and diminish the power of the 
Thus the cylinder was never to be at a less tem 
than 312°, and yet at each descent of the piston i 
be less than ioo°, — conditions which, on the v 
of them, seemed to be wholly incompatible. 

Though still occupied with his inquiries and 
ments as to steam. Watt did not neglect his 
business, but was constantly on the look-out 
provements in instrument-making. A machine w 
invented for drawing in perspective proved a ! 
and he made a considerable number of diem b 
for customers in London as well as abroad. ] 
also an indefatigable reader, and continued to 
his knowledge of chemistry and mechanics by 
of the best books on these sciences. 

Above all subjects, however, the improvement 
steam-engine continued to keep the fastest hok 
his mind. He stiil brooded over his expericneQi 
the Newcoraen model, biit did not seem to maki 
way in introducing any practical improvement in in 
of working. His friend Robison says ho straggle 
to condense with sufficient rapidity without ioj 
trying one experiment after another, fuidlng oB 
would not do, and exhibiting many beautiful spC 
of ingenuity" and fertility of resource. He cootin 
ff use bis own words, " to grope in the dark, inii 

many an ignh fatuiu." It was a favorite tt) 
^ his that " Nature has a weak side, if we can oi 
^^1 it out ; " and he went on groping and feeling 
^^^ but as yet in vain. At length light burst upS 
^^V and all at once the problem over which Mf 
^^B brooding was solved. 




MR. HARTS RECOLLECTIONS. 



THE SEPARATE COXDENSER. 

One Sunday afternoon, in the spring of 17651 he went 
to take an afternoon walk on ihe Green, then a quiet 
grassy meadow used as a bleaching and grazing ground. 
On week da}'S the Glasgow lasses came thither with their 
largest kail-pots to boil their clothes in ; and sturdy 
queans might be seen, with coats killed, trampling blank- 
ets in their tubs. On Sundays the pbce was compara- 
tively <]eserted ; and hence Walt, who lived close at hand, 
went there to take a quiet afternoon stroll. His thoughts 
-were as usual running on the subject of his unsatisfactory 
ejqieriments with the Newcomen engine, when the first 
idea of the separate condenser suddenly Bashed upon 
his mind. But the notable discovery is best told in his 
own words, as related to Mr, Robert Hart, many years 
after: — 

" I had gone to take a walk on a fine Sabbath after- 
noon. I had entered the Green by the gate at the foot of 
Charlotte Street, and had passed the old washing-house. 
I was thinking upon the engine at the time, and had gone 
as far as the herd's house, when Ihe idea came into my 
mind that as the steam was an elastic body, it would rush 
into a vacuum, and if a communication were made be- 
tween the cylinder and an exhausted vessel, it would rush 
mlo it and might be then condensed without cooling the 
Cylinder. I then saw that I must get rid of the condensed 
steam and the injection water if I used a jet, as in New- 
i^men's engine. Two ways of doing this occurred to me, 
First, the water might be run off by a descending pipe, if 
an off-let could be got at the depth of 55 ot t,*! ^ceX, kcA 
any air might he extracted by a small pump. Tc^s ^cowS. 
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was lo make the pump large enough to extract both w 
and air." He continued ; " I had not walked farther tha 
the Golf-house when ihe whole thing was anaoged in in 
mind." 

Great and prolific ideas are almost always simpk 
What seems tropossible at the outset appears so obvioil 
when it is effected, that we are prone to marvel that it di 
not force itself at once upon the mind. Late in hfe Wat 
with his accustomed modesty, declared his belief that j 
he had exceUed, it had been by chance, and the i 
of others. To Professor Jardine he said that when i 
was analyzed the invention would not appear so great a 
it seemed to be. " In the state," said he, "in which 
found the steam-engine, it was no great effort of mind I 
observe that the quantity of fuel necessary to make ' 
work would forever prevent its extensive utility, 
next step in m)- progress was equally easy, — to inquii 
what was tlic cause of the great consumption of fuel : 
too, was readily suggested, viz., the waste of fiiel whic 
was necessary to bring the whole cylinder, piston, , 
adjacent parts from the coldness of water to the heat i 
steam, no fewer than from fifteen to twenty 1 
minute." The question then occurred, How was this 1 
be avoided or remedied? It was at this stage that l[ 
idea of carrying on the condensation in a separate vea 
flashed upon his mind, and solved the difficulty. 

Mankind has been more just to Watt than he was I 
himself. There was no accident in the discovery. It h 
been the result of close and continuous study ; and t 
idea of the separate condenser was merely the last stepi 
a long journey, a step which could not have been tak< 
unless the road which led to it had been 1 
Dr. Black says, " This capita! improvement flashed up< 
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lind at ooce, and filled him with rapture," — a si 
. which, in spite of the imimpassioned nature of Wat 
an readily believe. 

1 the iiioniing following his Sunday afternoon's 
lasgow Green, Watt was up betimes, making arrange^ 
s for a speedy trial of his new plan. He borrowed 
a college friend a large brass syringe, an inch and a 

in diameter, and ten inches long, of the kind used 
laloraists for injecting arteries with wax previous to 
:tion. The body of the syringe served for a cylinder, 
)iston-rod passing through a collar of leather in its 
-. A pipe connected with the boiler was inserted at 

ends for the admission of steam, and at the upper 
ras another pipe to convey the steam to the conden- 

The axis of the stem of the piston was drilled with a 

fitted with a valve at its lower end, to permit the 
' produced by the condensed steam on firet filling the 
der to escape. The first condenser made use of was 
nprovised cistern of tinned plate, provided with a 
> to get rid of the water formed by the condensarion 
B steam, both the condensing- pipes and the air-pump 
[ placed in a reservoir of cold water, 
rhe steam-pipe," says Watt, "was adjusted to a small 
r. When the steam was produced, it was admitted 
the cylinder, and soon issued through the perforation 
e rod and at the valve of the condenser ; when it was 
sd that the air was expelled, the steam-cock was shut, 
tile air-pump piston-rod was drawn up, which leaving 
Biall pipes of the condenser in a state of vacuum, the 
a entered them, and was condensed. The piston of 
ylinder immediately rose, and lifted a weight of about 
Sen pflunds, which was Iiung to the lower end of the 
l-rod. The exhaust ion-cock was almV, the aXaawi -was. 
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e-admitlcii into the cylinder, and the operation 
peated. The quantity of steam consumed and tht 
it could raise were observed, and, excepting the nc 
cation of the steam-case and external covering, 
vention was complete in so far as regarded the 
of steam and fuel." 



COMPLETING THE INVENTION. 



But although the invention was complete in 
mind, it took him many long and laborious yeais I 
out the details of the engine. His friend Robiso 
whom his intimacy was maintained during these ina 
experiments, has given a graphic account of the difl 
which he successively encountered and overcanK 
relates that on his return from the countr}% after t 
lege vacation in 1765, he went to have a chat wil 
and communicate to him some observations he biu 
on Desaguliers' and Belidor's account of the steam- 
He went straight into the parlor, without ceremOl 
found Watt silting before the fire looking at a link 
tern which he had on his knee. Robison JmnK 
started the conversation about steam ; his mind, lifct 
being occupied with the means of avoiding the a 
waste of heat in the Newcomen engine. Watt I 
wJiile kept looking into the fire, and after a time m, 
the cistern at the foot of his cliair, saying nO[U| 
seems that Watt felt rather nettled that Rote" 
communicated to a mechanic of the town . 
which he had hit upon for turning the cocks oflliS 
When Robison therefore pressed his inquilji 
"il lookei.\ aV\\\m-Awd said briskly, " You needl 



yourself any more about tiiiii. inai.. ' •;: • y 
engine that shall noi wasit- t wurij-.i- ■ 
all be boiling hoi. — ay. aijf. wr v. i- *- ■ 
please." He ihen pusii'r'j ih*. \\\\'- •■ - 
foot under the iat>le. 

Robison could leani m- wvy.* 'j' ' - 
from Watt at that liint- : bu' o: "?■ ..•■ ■ • 

dentally met a m-.ivja! a'.'i'j::-:: 

knew as usual the pro;r''rv 'j" \' "■ ■■■.••■ 

to him, "Well, havt yr. - ■;: 

" He '11 be in fine spi-ii: ij-'v v ■■ 

said Robison. •■ \'*cr\ \\u* ■ : ■• 

other, "the sepLrait '-m'j^'.v.-.- 

cold enough, aud yoi n;;-- :•■■ ■ .• • • 

ever be the heat o: '.ti'- '■;■'.'..-■ 

and the nature of \u*. *.;::•.•: :• ■ ^ • 

at once. 

It will be obvjr. ei :•:• v .■• -:,• 
it to his other frieTj'j- .■•.•.-.•• .- 
that one ofW^::: i ;:'ec'..-- '. . , 
the results o: :.i- e;; >r':T :.■•:• 
the same roa'i iv j.:j'/v .-.-'.: • » . 

one co'i^d "Li^y.i'i- i^- -j' •:- > 
man than Jit -..r.. '.'.■■ ^ 
commur : 'Us.'-e •::' it ;r •':■.■•- ■ •■:-.■• 
The D'yr.vr i':j'.;-; T-i- -. ■;• 
cheerec i'-" ::. ':■ -r.'. . : •-' . 
wasof-i.Tl -i','-*: -.r-u';.... - ' .' 

with m'-T.^. V, »r-:i. -■• .-■ ■ 

Co:r::r."r,:ur.- t /iV.i;- ^' '". ^ ■. - ..'.- ■ - 
reticer,'-^ "wh-f. :it jv-'j'. . . '.r.; ■,.■, ' ^ '■ 

had he l:''^i -•- ,oiriiJi:!j;-:-:::i v "_,'.^,- ^ ■■''■ 
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probability is that some one or other of the namerouB h^| 
pies who lire by sucking other people's brains would haM 
secured patents for his more important inventions, aifl 
thereby deprived him of the benefits of his skill, sdencM 
and labor. As yet, however, there were but few mechajH 
ics in Glasgow capable of understanding or appreciati^H 
the steam-engine ; and the intimate friends to whom £fl 
freely spoke of his discovery were too honorable to t^SS 
advantage of his confidence. Shortly after Watt com^ 
municated to Robison the different stages of his inventiODjJ 
and the results at which he had arrived, much to thfl 
delight of his friend. ^M 

It will be remembered that in the Newcomen eiigi^| 
the steam was only employed for the purpose of prodmH 
ing a vacuum, and that its working power was in WM 
down stroke, which was effected by tlie pressure of tU!l 
air upon the piston ; hence it is now usual to call it the at- 4 
mospheric engine. Watt perceived that the air which fol- J 
lowed the piston down the cylinder would cool the Jatier, J 
and that steam would be wasted by reheating it. In or- I 
der, therefore, to avoid this loss of heat, he resolved IM 
put an air-tight cover upon the cylinder, with a hole uim 
stuffing-box for the piston-rod to slide through, and IIM 
admit steam above die piston, to act upon it instead ' 
of the atmosphere. When the steam had done its d 
in driving down the piston, a communication 
between the upper and lower part of the cylinder ; and tt 
same steam, distributing itself equally in both cotnpa 
ments, sufficed to restore equilibrium. The piston v 
now drawn up by the weight of the pump-gear ; the Si 
beneath it was then condensed in the separate vi 
so as to produce a vacuum, and a fresh jet of s 
from t!ie boiler was let in above the piston, which forct 
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It again to ttie bottom of the cylinder. From an atmos- 
pheric eiigine it had thus l>ecomc a true steam-engine, and 
with much greater economy of steam ihan when tht air 

did half the duty. Hut it was not only imjiortant to ki-ep 
iir from Rowing down the inside of the cylinder ; the 
air which circulated within cooled the melal and con- 
'densed a portion of the steam within ; and iliis Wail pro- 
posed to remedy by a second cylinder, surrounding the 
first, with an interval between the two which was to Iw 
kept full of steam. 

One by one these various contrivances were struck out, 
modiiied, setded, and reduced to definite plans, — the sep- 
.arate condenser, the air and water pumps, the use of fat 
and oil (instead of water, as in the Newcomen engine) to 
keep the piston working in the cylinder air-ttght, and the 
enclosing of the cylinder itself within anotiier to prevent 
the loss of heat. These were all emanations from the first 

K'dea of inventing an engine workit^ by a pLsion, in which 
he cylinder should be continually hot and perfectly 
,dry. "When once," says Watt, "the idea of separate 
€Mndensation was started, all these improvements followed 
AS corollaries in quick succession, so that in the couree 
of one or two days the invention was thus far complete in 
my mind." 



WATT MAKES HIS MODEL. 

The nest step was to construct a model engine for the 
purpose of embodying the invention in a working form. 
With this object, Watt hired an old cellar, situated in the 
lint wide entry to the north of the beef-market in King 
Slreet, and then proceeded with his model. He found it 
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much easier, however, to prepare his plan than to execute 
it. Like most ingenious and inventive men, Watt was e 
tremely fastidious ; aiid this occasioned considerable delay 
in the execution of the work. His very inventiveness to 
some extent proved a hindrance ; for new expedients were 
perpetually occurring to him, which he thought would I 
improvements, and which he, by turns, endeavored to 
introduce. Some of these expedients he admits proved 
fruitless, and all of them occasioned delay. Another o£ 
his chief difficulties was in finding competent workmen tO; 
execute his plans. He himself had been accustomed only 
to small metal work, with comparatively delicate tools, 
and had very lilfle experience " in the practice of me-^ 
chanics in gnat," as he termed it. He was therefore 
under the necessity of depending, in a great measure, 
upon the handiwork of others. But mechanics capable 
of working out Watt's designs in metal were then i 
difficulty to be found. The beautiful self-action and 
workmanship which have since been called into beiOj 
principally by his own invention, did not then exist. 
The only available hands in Glasgow were the black- 
smiths and tinners, little capable of constructing articles 
out of their ordinary walks ; and even in these they 
were often found clumsy, blundering, and incompetenL 
The result was, that in consequence of the malconsimc- 
tion of the larger parts, Watt's first model was only par- 
tially successful. The experiments made with it, however^ 
served to verify the expectations he had formed, and ti 
place the advantages of the invention beyond the reach o 
doubt. On the exhausting-cock being turned, the piston, 
when loaded with eighteen pounds, ascended as quickly 
as the blow of a hammer ; and the moment the steam" 
cock was opened, it descended with like rapidity, tiioug1l( 

r I c . . , - j.^ ■ I 
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the steam was weak, and thi; machine snifted at many 
Openings, 

Satisfied that he had laid hold of the right principle of 
a working steam-engine, Watt felt impelled to follow it to 
an issue. He could give his mind to no other business 
in peace until this was done. He wrote to a friend that 
he was quite barren on every other subject. " My whole 
•^oughts," said he, "are bent on this machine, I 
%ink of nothing else." He proceeded to make another , 
,.and bi^er, and, he hoped, a more satisfactory engine in 
the following August ; and \vilh that object he removed 
.from the old cellar in King Street to a larger apartment in 
the then disused pottery, or delftwork, near the Broomielaw. 
There he shut himself up with his assistant, John Gardiner, 
fijr the purpose of erecting his engine. The cylinder w 
F<Bve or six inches in diameter, with a two-feet stroke. 
h^rhe inner cylinder was enclosed in a wooden steam-a 

And placed inverted, the piston working through a hole 
|9n the bottom of the steam-case. After two months con- 
r'^Snuous application and labor it was finished and set to 
^^rork ; but it leaked in all directions, and the piston was 
QBtr from air-tight. The condenser also was in a bad way, 
needed many alterations. Nevertlieless, the engine 
ily worked with ten and a half pounds pressure 
"•fte inch, and the piston lifted a weight of fourteen 
Jtounds. The improvement of the cylinder and piston 
itinued \Vail's chief difficulty, and taxed his ingenuity 
I the utmost. At so low an ebb was the art of making 
^^ .'linders that the one he used was not bored, but ham- 
(■tered, the collective mechanical skill of Glasgow being 
^^ unequal to the boring of a cylinder of the simplest 
H^tad ; nor, indeed, did the necessary appliajices for tbe 
^^^^fc«e then esist anywhere else. In tbe ^ewtaxwEa. 
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engine a little water was round upon the upper surface of 
the piston, and sufficiently tilled up the interstices between 
the piston and the cylinder. But when Watt employed 
steam to drive down the piston, he was deprived of thit 
resource, for the water ^nd steam could not coesisU 
Even if he had retaineil the agency of the air above, the 
drip of water from the crevices into the lower part of the 
cylinder would have been incotnpatible with teepiij 
the cylinder hot and dry, and, by turning into vapor as 
fell upon the heated metal, it would have impaired the 
vacuum during tlie descent of the piston. 

While he was occupied with this difficulty, and striniig 
to overcome it by the adoption of new expedients, such 
as leather collars and improved workmanship, he wrote M 
a friend, "' My old white-iron man is dead ; " the old w 
iron man, or tinner, being his leading mechanic. Unb^ 
pily, also, just as he seemed to have got the engine in 
working order, the beam broke, and, having great difficult 
in replacing the damaged part, the accident tlireataie4 
together with the loss of his best workman, to bring d( 
experiment to an end. Though discouraged by these mi 
adventures, he was far from defeated. But he went on d 
before, battling down tUfficulty inch by inch, and l 
good the ground he had won, becoming every day M 
strongly convinced that he was in the right track, and lil 
the important uses of the mvention, could he but find Dfl 
and means to perfect it, were beyond the reach of di 
But how to find the means ! Watt himself w; 
atively poor man ; having no money but what he e 
by his business of mechaQical-insttument making, • 
he had for some time been neglecting through his A 
tion to the construction of his engine. What he n 
was capital, or the help of a capitahst willing to adii" 
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him ihe necessary funds to perfect his invention. To 
give a fair trial to the new apparatus would involve a 
expenditure of several thousand pounds ; and who on the 
spot could be expected to invest so large a sum in trying 
a machine so entirely new, depending for its success on 
physical principles very imperfectly understood? 
. There was no such help to be found in Glasgow. The 
tohacco lords,' though rich, took no interest in steam 
power ; and the manufacturing class, though growing in 
importance, had full employment for their htde capital 
in their own c 



" How Watt succeeded in interesting Dr. Roebuck in 
his project, and thus obtained fimds to continue his experi- 
ments ; how he finally joined with Matthew Boulton in the 
great firm of Boulton and Watt, manufacturers of steam- 
engines ; how they pumped out all the water in the Cornish 
■mines ; and how Watt finally attained prosperity as well 
"«fi success, — is an interesting story, but rather too long 
for these winter afternoons; and as the story of tlie in- 
■ vention of the steam-engine is substantially told in the 
» ifiDregoing pages, we must stop our reading here, more 
k^especiatly as it seems to be tea-time, and I hear Ellen 
''Singing the bell for supper." 



ROBERT FULTON. 

'T'HEV were to continue their talk and rea<iing bj" 
following along ihe developments in the use a 
steam. 

" Uncle Fritz," said Faachon, " these agnostics 
so much fun of our dear Harry and Lucy, that they wil 
not let me quote from ' The Botanic Garden.' " 

Emma promised that they would laugh as littie as thej 
could. 

" ' The Bolanic Garden,' " said Fanchon, " 
Stately, and I am afraid some of you would say vof 
pompous, poera, written by Dr. Darwin," 

" Dr. Darwin write poetry ! " 

" It is not the Dr. Charles Darwin whom you la* 
heard of; it was his grandfather," said Uncle Fritz. 

And Fanchon went on : " All I ever knew of 'The Bo- 
tanic Garden ' was in the quotations of our dear HanJ. 
and Lucy and Frank. But dear Uncle Fritz has lakH 
down the book for me, and here it is, with its fiiniiyi4 
pictures of Ladies' Slippers and such thin^." 

" I do not see what Ladies' Slippers have to do wi 
steam-engines," said Bedford Long, scornfully. 

" No ! " said Fanchon, laughing ; " bat I do, and fl 
is the difference between you and me. Because, yott IW 
I have read ' Harry and Lucy,' and you have not." 



she opened "Tte Botanic Garden "at the place where 
she had put in a mark, and read ; — 

" Pressed by the ponderous air, the piston falls 
Resistless, sliding through its iron walls ; 
Quick moves the balance beam ot giant birth, 
Wields its large limbs, and nodding shakes the earth. 
The giant power, from earth's remotest caves 
Lifts, with strong arm, her dark reluctant waves. 
Each cavemed rock and hidden depth explores. 
Drags her dark coals, and digs her shining ores." 

" That is rather stilted poetry," said Uncle Fritz, ' 
hundred years ago people were used to stilted poetry. It 
■describes sufficiently well the original pum ping-engine of 
KVatl, and the lifting of coal from the shafts of the deep 
,'EngKsh mines. Now. it was not till \Vatt had made his 
ilmprovements on the pum ping- engine, — say in 1788, — 
[tiiat it was possible to go any farther in the use of steam 
Shan its application to such absolutely stationary purposes. 
Jit is therefore, I think, a good deal to the credit of Dr. 
IDarwin, that within three years after Watt's great improve* 
^KDt, in the condensing- engine the Doctor should have 
pWtten this : — 

'Soon shall thy arm, nnconqiiered steam, afar 
Drag the slow barge or drive the rapid car.' 

ft was twelve years after he wrote this, that Fulton had 
In experimental steamboat on the river Seine in France. 
ft was sixteen years after, that, with one of Watt's own 
engines, Fulton drove the 'Clermont' from New York to 
Albany in thirty-six hours, and revolutionized the world in 

■ing it. 

" Poor James Mackintosh was in virtual exile in Calcutta ■ 
t that time, and he wrote this in hia joucwa.V\ ' N.\v^^ 
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propelled by steam has gone a hundred and fifty fl 
upoa the Hudson in thirty-sik hours. Four miles a 
would bring Calcutta within a hundred days of I 
Oh that we had lived a hundred years later 1 ' fiifl 
than fifly yeais after Mackintosh wrote these words,.* 
cutta was within thirty days of London. 

" When Harry and Lucy read these verses in iSagJ 
'rapid car' was -still in the future." 

"Yes," said Fanchon; "but Harry says, 'Thei; 
car is to come, and I dare say that will be accompi 
soon, papa}~do not you think it will?'" 

" I have sometimes wondered," said Uncle ' 
" whether our American word ' car ' where the Eng& 
' wagon ' did not come from the ' rapid car ' of Dr. 1 
Read on, Fanchon." And he put his finger on the ^ 
which Fanchon read : — 

"Or on wide waving wings, expanded, bear 
The flying chariot through the fields of air." 

"Monsieur , the French gentleman, tried al 

steam-engine for the propulsion of a balloon in 1873 ; but I 
it does not seem to have had power enough. Messrs, I 
Renard and Krebs, in their successful flight of August last, I 
used an electric battery. 

" But we are getting away from Ftilton, who is really the 
first who drove the ' slow barge,' and indeed made it a 
very fast one." 

" Did you know him? " asked Emma Fortiiibras, whose 
ideas of chronology are very vague. 

" Oh, no ! " said Uncle Fri tz ; '■ he died yoimg and bo- . 
fore my time. But I did know a personal compa 
fiiend, nay, a bedfellow of his, Benjamin Church,' 
with him in Paris at one of the crises of his life. % 
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le steamboat on the river Seine, as I said just 

de had made interest with Napoleon to have it exam- 

by a scientific comniLtlee. Steam power was exactly 

Napoleon wanted, to take his great army across from 
ogne to England. The day came for the great experi* 
:. Church and Fulton slept, the night before, in 

bed in their humble lodgings in Paris. At daybi 
jssenger waked them. He had come from the r 
y that the weiglit of Imiler and machinery had beei 
nuch for the little boatj that her timbers Jiad givt 

and that the whole had sunk to the bottom of 

But for this misfortune, the successful steamb( 
d have sailed upon the Seine, and, for aught I knoWj 
>leon*s grandchildren would now be emperors 

Mil Watt had completed the structure of the doubl 
g con dens ing-engine, the application of steam to an] 
Jie single object of pumping water had been almi 
acticable. It was not enougli, in order to rcn 
iCable to general purposes, diat the condensali 
rater should take place in a separate vessel, and thi 
D itself should be used, mstead of atmospheric pressure, 
le moving power, but it was also necesairy that 
a should act as well durmg the ascent as during thi 
rnt of the piston Before steam could be used 
bg paddle-wheels it was m additmn neLe=u5ary that aj 
f and convenient mode of making the 
piston continuous and rotary, should be discovered.] 
Itese improvements upon the original form of ti 
8-engine are due to Watt, and he did not compk 
perfect combination before the year 1786, 
'atis, who, in this country, saw the possibility of con- 
tlDg a double-acting engine, even before WaVX., 
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had made a model of his machine, did not succeed in 
obtaining funds to make an experiment upon a large scale 
before 1801. We conceive, therefore, that all those who 
projected the application of steam to vessels before 1786, 
may be excluded, without ceremony, from the list of those 
entitled to compete with Fulton for the honors of inven- 
tion. No one, indeed, could have seen the powerful ac- 
tion of a pumping-engine without being convinced that 
the energy which was applied so successfully to that single 
purpose, might be made applicable to many others ; but 
those who entertained a belief that the original atmos- 
pheric engine, or even the single-acting engine of Watt, 
could be applied to propel boats by paddle-wheels, showed 
a total ignorance of mechanical principles. This is more 
particularly the case with all those whose projects bore the 
strongest resemblance to the plan which Fulton afterwards 
carried successfully into effect. Those who approached 
most nearly to the attainment of success, were they who 
were farthest removed from the plan of Fulton. His ap- 
plication was founded on the properties of Watt's double- 
acting engine, and could not have been used at all, until 
that instrument of universal application had received the 
last fmish of its inventor. 

In this hst of failures, from proposing to do what the 
instrument they employed was incapable of performing, we 
do not hesitate to include Savery, Papin, Jonathan Hulls, 
P^rier, the Marquis de Jouffroy, and all the other names of 
earlier date than 1786, whom the jealousy of the French 
and English nations have drawn from oblivion for the 
purpose of contesting the priority of Fulton's claims. The 
only competitor, whom they might have brought fonvard 
with some shadow of plausibility, is Watt himself. No 
sooner had that illustrious inventor completed his double- 






nctiog engine, than he saw at a glance the vnst licii] or its 
application. Navigation and locomotion were not omitted ; 
but living in an inlanil town, and in a country posse:i&iD(,' 
no rivers of im|ionance, his views were limittd lo canals 
aione. In this direction he saw an imaiediaii: objeciiun 
to the use of any apparatus, of which so powerful an agent 
as his engine should l)e tlie mover ; for it was clear, that 
Ihe injury which would be done U) the banks of the canal, 
*rouId prei-ent the possibility of its introduction. Wall, 
therefore, after having conceived the idea of a steaniboat, 
laid it aside, as unlikely to be of any practical value. 

The idea of applying steam to navigation was not con- 
lined to Europe, Numerous Americans entertained hopes 
of attaining the same object, but, before 1 7S6, with the 
tame want of any reasonable hopes of success. Tlieir 
fruitless project? were, however, rebuked by Franklin, 
tvho, reasoning upon the capabilities of the engine in its 
brigina! form, did not hesitate to declare oil their schemes 
impracticable ; and the coirectness of his judgment is ai 
present unquestionable. 

Among tliose who, before the completion of Watt's in- 
ifention, attempted the structure of steamboats, must be 
named witli praise Fitcli and Rumsey. They, uniike 
those whose names have been cited, were well aware of the 
real difficulties which they were to overcome ; and both 
jfvere the authors of plans which, if the engine had been 
Incapable of further improvement, might have had a par* 
■ial and limited success. Fitch's trial was made in 1783, 
ttnd Rumsey's in 1787, The latter date is subsequent to 
Watt's double-acting engine ; but as the project consisted 
merely tn pumping in water, to be afterwards forced out at 
[he stem, the single-acting engine was probably employed, 
fevaus, whose engine might have answered the piirfiose. 
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was emplo]^d in the daily business of millwright; and 
although he might, at any time, have driven these com- 
petitors from the field, he took no steps to apply his 
dormant invention. 

Fitch, who had watched the graceful and rapid way of 
the Indian canoe, saw in the oscillating motion of the old 
pumping-engine the means of impelling paddles in a man- 
ner similar to that given them by the human arm. This 
idea is extremely ingenious, and was applied in a simple 
and beautiful manner. But the engine was yet too feeble 
and cumbrous to yield an adequate force ; and when it 
received its great improvement from Watt, a more efficient 
mode of propulsion had become practicable, and must 
have superseded Fitch's paddles had they even cpme into 
general use. 

The experiments of Fitch and Rumsey in the United 
States, although generally considered unsuccessful, did not 
deter others from similar attempts. The great rivers and 
arms of the sea which intersect the Atlantic coast, and, 
still more, the innumerable navigable arms of the Father 
of Waters, appeared to call upon the ingenious machinist 
to contrive means for their more convenient navigation. 

The improvement of the engine by Watt was now famil- 
iarly known ; and it was evident that it possessed sufficient 
powers for the purpose. The only difficulty which existed, 
was in the mode of applying it. The first person who 
entered into the inquiry was John Stevens, of Hokoken, 
who commenced his researches in 1 791. In these he was 
steadily engaged for nine years, when he became the asso- 
ciate of Chancellor Livingston and Nicholas Roosevelt. 
Among the persons employed by this association was 
Brunei, who has since become distinguished in Europe as 
the inventor of the block machinery used in the British 



nai-y-yards, and as the engineer of ihe lunncl bencati) the 
Tliaroes. 

Even witli the aid of such talent, the efforts of this as- 
sociation were unsuccessful, — as wc now know, from no 
error in principle, but from defects in the boat to which it 
was applied. The appointment of Livingston as ambas- 
sador to France broke up this joint effort ; and, like all 
previous schemes, it was considered abortive, and con- 
tributed to throw discredit upon all undertakings of the 
kind. A grant of exclusive privileges on the waters of the 
State of New Vork was made to this association without 
any difficulty, it being believed that the scheme was little 
short of madness. 

Livingston, on his arrival in France, found Fulton dom- 
iciliated with Joel Barlow. The conformity in their pur- 
suits led to intimacy, and Fulton speedily communicated 
to Livingston the scheme' which he had laid before Earl 
Stanhope in 1793., Livingston was so well pleased with it 
that he at once offered to provide the funds necessary for 
an experiment, and to enter into a contract for Fulton's 
aid in introducing the method into the United States, pro- 
vided the experiment were successful. 

Fulton had, in his early discussion with Lord Stanhope, 
repudiated the idea of an apparatus acting on the prin- 
ciple of the foot of an aquatic bird, and had proposed 
paddle-wheels in its stead. On resuming his inquiries after 
his arrangements with Livingston, it occurred to him to 
compete wheels with a set of paddles revolving upon an 

' Earl Sunliope. among other projects, had conceived " Ihe hope of bs- 
ing able to apply the steam-engine ti> navigation liy the aid of a peculiar 
apparatus modelled after the foot of an a()ualic fowl." Fullan, on iKing 
ha Earl, doubled the feasibility, and suggested tlic very 
which he afterward made successful upon the Hudson. 
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endless chain extending from the stem to the stem <^ the 
boat It is probable that the apparent want of success 
which had attended the experiments of Symington * led 
him to doubt the correctness of his original views. 

That such doubt should be entirely remo\'ed, he had 
recourse to a series of experiments upon a smafl scale. 
These were performed at Plombi^res, a French watering- 
place, where he spent the summer of 1S02. In these ex- 
periments the superiority of the paddle-wheel over every 
other method of propulsion that had yet been proposed, 
was fully established. His original impressions being thus 
confirmed, he proceeded, late in the year 1803, to con- 
struct a working model of his intended boat, which model 
was deposited with a commission of French savans. He 
at the same time began building a vessel sixt}*-six feet 
in length and eight feet in ^lidth. To this an engine 
was adapted ; and the experiment made with it was so 
satisfactory, as to leave little doubt of final success. 

Measures were therefore immediately taken, prepara- 
tor)' to constructing a steamboat on a larger scale in the 
United States. For this purpose, as the workshops of 
neither France nor America could at that time furnish an 
engine of good quality, it became necessar}* to resort to 
England for that purpose. Fulton had already experi- 
enced the difficulty of being compelled to employ artists 
unacquainted with the subject. It is, indeed, more than 
probable, that, had he not, during his residence in Bir- 
mingham, made himself familiar, not only with the general 
features, but with the most minute details of the engine of 
Watt, the experiment on the Seine could not have been 

1 Symington was an engineer who had been caiT\nng out some experi- 
ments of Miller of Dalswinton in regard to the practicabLlit)' of steam 
navigation. 
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the admitustralion was deseivedly high, and that adminis- 
tntion was supported by a powerful majority ; Dor would it 
have been consistent with the principles of the opposition 
to vole against any act of liberality to the introdue 
a valuable apphcation of science. Livingslon, howet«, 
confiding in his skill as a lawyer, preferred the applicatoi 
to the State, and was thus, by his o»to act, restricted W > 
limited field. 

Before the engine ordered from Watt and Boultonw: 
completed, Fulton risited England, and thus 1 
opportunity of visiting Birmingham, and directing, b 
person, its construction. It could only have been a 
this time, if ever, that he saw the boat of Symington;'-^ 
but a view of it could have produced no effect upon hi 
own pkns, which had been matured in France, and a 
ried, so far as the engine was concerned, to such H 
extent as to admit of no alteration. 

The engine was at last completed, and reached Ke* 
York in 1806, Fulton, who returned to his 1 
try about the same period, immediately undertook ti 
construction of a boat in which to place it. In ordi 
his engine and in planning the boat, Fulton exhilii 
plainly how far his scientific researches and | 
experiments had placed him before all his corope 
He had evidently ascertained, what each successive yt 
experience proves more fiilly, the great advaniagapi 
. sessed by large steamboats over those of sraallet S 

> and thus, while all previous attempts had been niafcJ 

^^ smaller vessels, he alone resolved to make his (ioal % 
^K periment in one of great dimensions. That a 




ftr -- 



intende«l to 'a-. '}r .\r.'. ■ 
different pr-jni r.-.-. . -■ 
di5tin«:t ipjiii ■;:■-■■: : 
bv jjaii.-:. \\i< •/■ .■■^.'. 
ever, of t/.i: -:. ■..•.• 
time tha.i '/.l: .' : 
ex[jcrirr.':r.r.-. ■■:•; -.* . . • 
Juil:^:-«1 ir. .-;:'-:rr:. - 
ton was fj. ..!.•:.-. .. 
an exa.Vi./.u::-.". ...... 

accurjtc r::.r.:r ... -. . 

The V:-..-:. v^. 
in -\*i,i"».-:t. r ■. •-" • ". 
^ith rr.jLii'z. iz \ .. . . 

and ir*:e."-i^ r!".''. ; v--: .- - 
scep::"^l -r ;."-..- 
ser/t'l :: -,--■ :*^ ..- . 
obsxirjLZT: :■.,,-. T- ..:,.■ 
Lis: iic :-.-.;- .. ■ :-:. 
of c;r-':*j'- .'..'^" ii:.. 
exC"r"i'l v, * '■.."..I. V :i" 

bv the "T-l.-: '.' r- . 

of Liver.v.rv.. . .-'t -. . 



tion 






\\ • "■ ■■ ; • -'A" '"■•"» ""' •■■ • ■• .- • ■■- _ • ■■ . •-.^" . \'i ■"■ ■•%.■■•• 

n.L.i \,.i.'Z J-Ti.... _• , s... i. •.»i.i.7 V — r i . ..,K* * 

Alleny. This city. 5::ua:ci a: tlie n.'.v.'.r.i', ;u\:^: l^:' :iu' 
na\*igation of the H-dsoc. is distant, by ihe lint- v^i \\\^ 



;hannel of thu river, rather less than one hundred and 
fifty miles from New York. By the old post-road, the 
distance is one hundred and sixty miles, at which that by ' 
water is usually estimated. Aithovigh the greater part of 
the channel of the Hudson is both deep and wide, yet 
for about fourteen miles below Albany this character i» 
not preserved, and the stream, confined within compar- 
atively small limits, is obstructed by bars of sand or ■ 
spreads itself over shallows. In a few remarkable in- 
stances, the sloops, which then exclusively navigated the 
Hudson, had effected a passage in about sixteen hours y 
but a whole week was not unfrequentiy employed i 
voyage, and the average time of passage was not less thatf 
four entire days. In Fulton's first attempt to navigate thi9 
stream, the passage to Albany was performed in thirty-two. 
hours, and the retum in thirty. " 

Up to this time, although tlie exclusive grant had beetf 
sought and obtained from the State of New York, it doe^ 
not appear that either he or his associate had been fully 
aware of the vast opening which the navigation of the 
Hudson presented for the use of steam. They looked to 
the rapid Mississippi and its branches, as the place where 
their triumph was to be achieved ; and the original boa^: 
modelled for shallow waters, was announced as intended 
for the navigation of that river. But even in the * 
first attempt, numbers, called by business or pleasure 
the northern or western parts of the State of New Yoii; 
crowded into the yet untried vessel ; and when the succe 
of the attempt was beyond question, no little anMety w 
manifested, that the steamboat should be established as » 
regular packet between New York and Albany. 

With these indications of public feeling Fulton immc- 
itely complied, and regular voyages were made at stated 
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limes until the end of the season. These vopgcs wctv 
not, however, unattenfied with inconvenience. The boat, 
' designed for a mere experiment, was iticom mod ions ; and 
many of the minor arrangements by which facility of 
working and safety from accident lo tlic mathincry were 
' to be insured, were yet wanting. Fulton continued a 
close and attentive observer of the jierformaiu-e of the 
' vessel ; every difficulty, as it manifested ilself, was met and 
' removed by llie most masterly as well as simple contriv- 
i-ances. Some of these were at once adopted, while othcra 
remaned to be applied wiiile the boat should t>c laid up 
' for the winter. He tlius gradually formed in his mind the 
idea of a complete and perfect vessel ; and in his plan, 
iiQ one part which has since been found to lie essential 
' to the ease of manceuvre or security, was omitted. Itut 
■the eyes of the whole community were now fixed upon 
ihe steamboat ; and as all those of competent mechanical 
.Itnowledge were, like Fulton himself, alive to the ilefecls 
of the original vessel, his right to priority of invention of 
Ivarious important accessories has been disputed. 
!■ The winter of 1S07-S was occupied in remodelling 
i.and rebuilding the vessel, to which the name "Clermont" 
jwas now given. The guards and housings for the wheels, 
which had been but temporary stmctiu-es, applied as their 
tvaiue was pointed out by experience, became solid and 
I essential parts of the boat. For a rudder of the ordinary 
I form, one of surface much more extended in its horizontal 
dimensions was substituted. This, instead of being moved 
by a tiller, was acted upon by ropes applied to its extrem- 
ity; and these ropes were adapted to a steering-wheel, 
which was raised aloft towards the bow of the vessel. 

Il had been shown by the numbers who were trans- 
ported during the first summer, that at the same price for 
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passage, many were willing to undergo all the inconven- 
iences of the original rude accommodations, in preference 
to encountering the -delays and uncertainty to which the 
passage in sloops was exposed. Fulton did not, however, 
take advantage of his monopoly, but with the most liberal 
spirit, provided such accommodations for passengers, as 
in convenience and even splendor, had not before been 
approached in vessels intended for the transportation of 
travellers. This was, on his part, an exercise of almost 
improvident liberality. By his contract with Chancellor 
Livingston, the latter undertook to defray the whole cost 
of the engine and vessel, until the experiment should 
result in success ; but from that hour each was to furnish 
an equal share of all investments. Fufton had no pat- 
rimonial fortune, and what little he had saved from the 
product of his ingenuity was now exhausted. But the 
success of the experiment had inspired the banks and 
capitalists with confidence, and he now found no diffi- 
culty in obtaining, in the way of loan, all that was needed. 
Still, however, a debt was thus contracted which the con- 
tinued demands made upon him for new investments 
never permitted him to discharge. The "Clermont," 
thus converted into a floating palace, gay with orna- 
mental painting, gilding, and polished woods, began her 
course of passages for the second year in the month of 
April. 

The first voyage of this year was of the most discour- 
aging character. Chancellor Livingston, who had, by his 
own experiments, approached as near to success as any 
other person who, before Fulton, had endeavored to 
navigate by steam, and who had furnished all the capital 
necessary for the experiment, had plans and projects of 
his own. These he urged mVo e^^^icwxxcrcv Vcv ^^\\fi. of the 
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opposition of Fulton. The boiler furnished by Watt and 
BoiJlon was not adapted to the objccL Copied from 
those used on the land, it required that its rin-pbce und 
flues should t>e constructed of masonry. 'I'htfsf added so 
much weight to the apparatus, that the reljuilt boat would 
hardly have floated had they been retained. In order to 
replace this boiler, Livingston had planned a comjwund 
structure of wood and copper, which he insisted should 
be tried. 

It is only necessary for us to say, that this boiler proved 
a complete failure. Steam began to issue from its joints a 
few hours after the " Clermont " left New York. It then 
became impossible to keep up a proper degree of tension, 
and the passage was thus prolonged to forty-eight hours. 
These defects increased after leaving .\lbany on the return, 
and the boiler finally gave way altogether within a few 
miles of New York. The time of the downward passage 
was thus extended to fifty-six hours. Fulton was, how- 
ever, thus relieved from all further interference ; this fruit- 
less experiment was decisive as to his superiority over his 
colleague in mechanical skill. He therefore immediately 
plajmed and directed the execution of a new boiler, which 
answered the purpose perfectly ; and although there are 
many reasons why boilers of a totally different form and 
of subsequent invention should be preferred, it is, for its 
many, good properties, extensively used, with litUe alter- 
ation, up to the present day. But a few weeks sufficed 
to build and set this boiler, and in the month of Jvme 
the regular passages of the " Clermont " were renewed. 

In observing the hour appointed for departure, both 
from New York and Albany, Fulton determined to insist 
upon the utmost regularity. It required no V\U\ft "^eRie.- 
s^Tsxtce and resolution to carry this system ot ^UTiclu^Vi 
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into effect. Persons accuslomed to be waited for by 
packet-boats and stages, assented *vith great reluclaQce ti 
what they conceived to be a useless adherence to precisioi 
of time. The benefits of this punctuality were speedil] 
perceptible ; tbe whole system of internal communication 
of the State of New York was soon regulated by the houn 
of arrival and departure of Fulton's steamboats ; and th< 
same system of precision was copied in all other 
boat lines. The certainty of conveyance at stated tim« 
being thus secured, the number of travellers was instanti) 
augmented ; and before the end of the second 
the boat became far too small for the passengers, whf 
crowded to avail themselves of this novel, punctual, 
unprecedentedly rapid method of transport:. 

Such success, however, was not without its alloy. Thf 
citizens of Albany and the river towns saw, as they thougli 
ill the steamboat, the means of enticing their custoraei 
from their ancient marts to the more extensive markd 
of the chief city ; the skippers of the river mourned the»i 
inevitable loss of a valuable part of their business ; and 
innumerable projectors beheld with envy the successfu 
enterprise of Fulton. 

Among the latter class was one who, misled by fela 
notions of mechanical principles, fancied that in the men 
oscillations of a pendulum lay a power sufficient for an; 
purpose whatever. Availing himself of a well-constructe( 
model, he exhibited to the inhabitants of Albany a pendl^ 
lum which continued its motions for a considerable 
without requiring any new impulse, and at the same 
propelled a pair of wheels. These wheels, however, di( 
not work in water. Those persons who felt themseh 
aggrieved by the introduction of steamboats, quickly e 
braced this project, prompted by an enmity to Fultoi 
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and determined, if they could not defeat his object, at 
least to share in the profits of its success. 

It soon appeared, from preliminary experiments, made 
in a sloop purchased for the purpose, that a steam-engine 
would be required to give motion to the pendulum ; and 
it was observed that the water-wheets, when in connection 
with the pendulum, had a very irregular motion. A fly- 
wheel was therefore added, and the penduium was now 
found to be a useless incumbrance. Enlightened by 
these experiments, the associadon proceeded to build two 
boats ; and these were exact copies, not only of the huU 
and a!I the accessories of the " Clermont," but the engine 
Wmed out to be identical in form and structure with 
one «thich Fulton was at the very lime engaged in fitting 
to his second boat, " The Car of Neptune." 

The pretence of bringing into use a new description 
of prime mover was of course necessarily abandoned, and 
flie owners of the new steamboats determined boldly to 
test the constitutionality of the exclusive grajit to Fuhon, 
Fulton and Livingston, in consequence, applied to the 
Court of Chancery of the State of New York for an in- 
junction, which was refused. On an appeal to the Court 
of Errors this decision of the Chancellor was reversed ; but 
the whole of tlie profits which might have been derived 
from the business of the year were prevented from accru- 
ing to Linngstou and Fulton, who, compelled to contend 
in price with an opposition supported hy popular feeling 
in Albany, were losers rather than gainers by the operations 
of the season. 

As no appeal was taken from this last decision, the 
waters of the State of New York remained in the exclusive 
possession of Fulton and his partner, until the death of 
the former. Tiiis exclusive possession was not, however, 
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aiietitlcd with all ihe advantages that might have been 
anticipated. The immense increase of travel which the 
facilities of comm imitation created, rendered it imperative, 
upon the holders of the monopoly to provide new facihties 
by the construction of new vessels. Tlie cost of these 
could not be defrayed out of the profits. Hence 
and heavy debts were necessarily contracted by Fultonj 
while Livingston, possessed of an ample fortune, required 
no pecuniary aid beyond what he was able to meet fron^ 
his own resources. 

The most formidable opposition which was made to th»' 
privileges of Fulton, was founded upon the discoveries of 
Fitch, We have seen, that he constructed a boat which 
made some passages between Trenton and Philadelphia; 
but the method which he used, was that of paddle^ 
which are far inferior to the paddle-wheel. Of the refe 
riority of the method of paddles, had any doubt remained 
positive evidence was afforded in the progress of this dii 
pute ; for in order to bring the question to tlie test of 
legal decision, a boat propelled by them was brought int 
the waters of the State of New York. The result of th 
experiment was so decisive, that when the parties 
in the enterprise had succeeded in their 
made no attempt to propel their boats by any othd 
method than that of wheels. | 

Fulton, assailed in his exclusive privileges derived troB 
State grants, took, for his further protection, a patent iroBj 
the general government. This is dated in 1809, and wa 
followed by another, for improvements upon it, in iSil 
It now appeared, that the very circumstance in which thl 
greatest merit of his method consists, was to be the obstq 
cle to his maintaining an exclusive privilege. DiscardiD] 
all complexity, he had limited himself to the simpli 



of adapting padJle-wheels to the crank of Walt's engine ; 
and, under tlic palent laws, it seems hardly possil.ilc ihal 
such a simple yet effectual method could be guarded by 
a spedficadon. As has been the case wilh many olber 
important discoveries, the most ignorant conceived lliat 
they might themselves have discovered it ; and those un- 
acquainted with the history of the attempts at navigation 
by steam, were compelled to wonder that it had been left 
for Fulton to bring it into snccessful operation. 

Before the death of Fulton, the steamltoals on the 
Hudson River were increased in number to five. A sixth 
■was built under his direction for the navigation of the 
Sound; and, this waier being rendered unsafe by the 
presoice of an enemy's ' squadron, the boat plied for a 
time upon the Hudson. In the construction of this boat 
he had, in his own opinion, exhausted the power of sleara 
in navigation, having given it a speed of nine miles an 
hour; and it is a remarkable fact, which manifests his 
acquaintance with theory and skill in calculation, that he 
in all cases predicted with almost absolute accuracy, the 
velocity of the vessels he caused to be constructed. The 
engineers of Great Britain came, long after, to a similar 
conclusion in respect to the maximum of speed. 

It is now, however, well known, that, with a proper con- 
struction of prows, the resistance to vessels moving at 
higher velocities than nine miles an hour, increases in 
a much less ratio than had been inferred Irom experi- 
ments made upon wedge-shaped bodies ; and tliat the 
velocity of the pistons of steam-engines may be com-e- 
niently increased beyond the limit fixed by the practice 
of Watt. 

For these important discoveries the world is indebted 

I This was in the coiiiaB of the War of lau. 






STOJf/ES OF ItrVBNTION. 



principally to Roben L Stevens, Tliat Fullon must li 
reached them in llie course of his own practice on hai 
be doubted, had his valuable life been spared to 
the performance of the vessels he was engaged in b? 
ing at the lime of liis premature death.' These «■£[< 
large boat iniended for the navigation of the HniS 
to which the name of his partner, Chancellor Livings 
was given, and one planned for the navigation of' 
ocean. The latter was constructed with the intectioi 
making a passage to St. Petersburg ; but this scheme 
interrupted by his death, which took place at the mor 
he was about to add to his glory, as the first consnm 
of a successful steamboat, that of being the first nav^ 
of the ocean by this new and mighty agent. 

1 Fulwn died Feb. 24, 1815 ; he was born in 1765. 



I GEORGE STEPHENSON AND THE LOCO- ( 
MOTIVE. 

I 

''.T^THAT I say is this," said Nahum, "that all your 
' ' Vesuvius dividends, and all your pickers and 
Blabbers, and shirtings at four cents, and all the rest of 
your great cotton victory, depend on railroads. If your 
£ither could not go to Lewiston and see his foreman and 
'people, and come back before you can say Jack Robin- 
son, there would be no mills at Lewiston such as there 
lare. There might be a poor little sawmill making shingles, 
as you free-traders want." This with scorn at Fergus, 
perhaps, or some one else suspected of views unfavorable 
ito protection. 

Then Nahum shook hands with Uncie Fritz, and apol- 
ogized for his zeal, adding ; " I am telling the boys why 
I want to go to Altoona, and to become a railroad man. I 
say that the new plant in India might knock cotton higher 
Ihana kite, and that people might learn to live without 
iDovels or magazines, but that they must have transpor- 
tation all the same. And I am going into the railroad 
business. I am going to hew down the mountains and 
Bll up the valleys." The boy was fairly eloquent in his 
enthusiasm. 

"It is in your blood, my brave fellow," said Uncle 
pritz. " People thought your grandfather was crazy when 
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he said it, sixty years ago. But it proved he was the seer 
and the prophet, and they were the fools." 

" And who invented railroads ? " asked Blanche. 

" As to that, the man invented a railroad who first put 
two boards down over two ruts to make a cart run easier. 
Almost as soon 21s there were mines, there must have been 
some sort of rail for the use of the wagons which brought 
out the ore. These rails became so useful that they were 
continued from the mine to the high-road, whatever it 
was. But it was not till the first quarter of this century, 
that rails were laid for general use. The earliest railroad 
in the United States W2is laid at the quarries in Quincy, 
in Massachusetts, in 1825." 

Uncle Fritz was so well pleased at their eagerness that 
he brought out for them some of the old books, and some 
of the new. In especial he bade them all read Smiles's 
" Life of Stephenson '* before they came to him again. 
For to George Stephenson, as they soon learned, more 
than to any one man, the world owes the step forward 
which it made when locomotives were generally used on 
railroads. Since that time the improvements in both have 
gone on together. 

Before they met again, at Uncle Fritz's suggestion, 
Fergus and Hester prepared this sketch of the details 
of Stephenson's earlier invention, purposely that Uncle 
Fritz might use it when these papers should be printed 
together. 

GEORGE STEPHENSON. 

An efficient and economical working locomotive engine 
still remained to be invented, and to accomplish this ob- 
ject Stephenson now applied himself. Profiting by what 
his predecessors had done, — warned by their failures and 
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aged by their partial successes, — he began 
There was still wanting the man who should 
ih for the locomotive what James Watt had done ■! 
steam-engine, and combine in a complete form the 1 
aints in the separate plans of others, embodyin 
em such original inventions and adaptations' of his J 
: to entitle him to the merit of inventing the work- ] 
omotiv^, as James Watt is to he regarded as 
ir of the working condensing- engine. This was ths'l 
ork upon which George Stephenson now entered,"j 

probably without any adequate idea of the ulti- « 
oportance of his work to society and civilization, 
proceeded to bring the subject of constructing ; 
illing Engine," as he denominated the locomotive, j 
the notice of the lessees of the Killingworth Col- * 
Q the year 1813. Lord Ravensworth, the principal! 
, had already formed a very favorable opinion of the | 
Uiery engine-wright from the improvements which 1 

effected in the colliery engines, both above and I 
ground ; and after considering the matter, and j 
■ Stephenson's explanations, he authorized him to I 
1 with the conslniction of a locomotive, thorigh 1 
ship was by some called a fool for advancing money! 
1 a purpose. " The first locomotive that I made," 
ephenson, many years after, when speaking of his 1 
ireer at a public meeting in Newcasfle, "was at Kit- 
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liiigworth Colliery, and with Lord Kaveiq 
Yes, Lord Ravensworlh and partners werel 

trust me, lliiny-two years since, with money to , 
locomotive engine. I said to my &iends, there 
limit to the speed of such an engine, if the work 
be made to stand." 

Our engine-wright had, however, many obsta 
before he could get fairly to work \x\ 
of his locomotive. His chief difficulty 
finding wurkmen sufficiently skilled in mechanics 
the use of tools to follow his instructions, and emb 
designs in a practical shape. The toob tlien in U9 
the colliery were rude and clumsy, and there were I 
facilities, as now exist, for turning out machinery 
entirely new character. Stephenson was under the 
sity of working with such men and tools as were 
command, and he had in a great measure to toi 
instruct the workmen himself. The new engine US 
in the workshops at the West Morr, the leading mB 
being John Thirlwall, the coUiery blacksmith, — anj 
lent mechanic in his way, though quite new to ibl 
now intrusted to him. ' | 

In this first locomotive, constructed at YMsA 
Stephenson to some extent followed the plan of w 
sop's engine. The wrought-iron boiler was cyH 
eight feet in length and thirty-four inches in <M 
with an internal flue-tube twenty inches wiile |i{| 
through it. The engine had two vertical cylinA) 
eight inches diameter and two feet stroke, let 60 

ler, which worked the propelling gear with crofsj 
id connecting-rods. The power of the two tA 
combined by means of spur-wheels, which n 
Icaled the movive ^Q-wer to the wheels supponl^ 



bgine on the rail. The engine thus worked upon what is 
ttmed the second motion. The chimney was of wrought- 
Dn, round which was a chamber extending back to the 
Led-pumps, for the purpose of heating the water previous 
) its injection into the Ixiiler. The engine had no springs, 
bd was mounted on a wooden frame supported on four 
heels. In order to neutralize as much as possible the 
Its and shocks which auch an engine would necessa- 
y encounter, from the obstacles and inequalities of the 
en very imperfect plate-way, the water-barrel, which 
irved for a tender, was fixed to the end of a lever and 
sighted ; the other end of the lever being connected 
dl the frame of the locomotive carriage. By this means 
e.weight of the two was more equally distributed, though 
ji .contrivance did not by any means compensate for the 
lad absence of springs, 

the wheels of the locomotive were all smooth, Ste- 
Stison having satisfied himself by experiment that the 
lesion between the wheels of a loaded engine and the 
' would be sufficient for the purposes of traction.' 
ETie engine was, after much labor and anxiety, and fre- 
^t alterations of parts, at length brought to completion, 
jfalg been about ten months in hand. It was placed 

rl the Kiliingworth Railway on the z5th of July, 1814, 
jts powers were tried on the same day. On an as- 
fiing gradient of i in 450, the engine succeeded in 
Mug after it eight loaded carriages, of thirty tons weight, 
9>OUt four miles an hour ; and for some time after it 
l^nued regularly _at work. 
Lltbough a considerable advance upon previous loco- 



motives, •' Blucber " (as the engine was popularly catle(i)B 
was neverthelcas a somewhat cumbrous and clumsy n 
chine. The parts were huddled logether. The boilfifl 
constituted the principaJ feature ; and, being the founds 
lion of the other parts, it was made to do duty not only a; 
a generator of steam, but also as a basis for the fixings of 1 
the macliinery and for the bearings of the wheels an4 J 
axles. The want of springs was seriously felt ; and the i 
progress of the engine was a succession of jolts, t 
considerable derangement to the working. The mode 
commumcatiag the motive power to the wheels by me; 
of the spur-gear also caused frequent jerks, each cyKm 
alternately propelling or becoming propelled by the othej 
as the pressure of the one upon the wheels became greatei 
or less than the pressure of the other; and when the ' 
teeth of the cog-wheels became at ail worn, a ralliing 
noise was produced during the travelling of the engine. 

As the principal test of the success of the locomotive 
was its economy as compared with horse-power, careful I 
calculations were made with the view of ascertaining thisj 
important point. The result was, that it was found i 
working of the engine was at first barely economical j s 
at the end of the year the steam-power and the hora 
power were ascertained to be as nearly as possible upon! 
par in point of cost. 

We give the remainder of the history of George S 
phenson's efforts to pi-oduce an economical working loco-1 
motive. in'the words of his son Robert, as communicaieiiB 
to Mr. Smiles in 1856, for the purposes of his father's i 
"Life." 

" A few months of experience and careful observatioBj 
upon the operation of this (his first) engine coniincc 
my father that tlic complication arising out of the action"] 
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of the two cyiincieis being combined by spur-wliccla woiiltl 
prevent their coming into practical application. He then 
directed his attention to an entire changt.- in the con- 
struction and mechanical arrangements, and in tlie fol- 
lowing year took out a patent, dated Feb. 28, 1815, for nn 
en^ne which combined in a remarkable degree the essen- 
tial requisites of an economical locomotive, — that is to 
say, few parts, simplicity in their action, and great simpli- 
city in the mode by which power was communicated to 
the wheels supporting the engine. 

" This second engine consisted, as before, of two vertical 
cylinders, which communicated directly with each pair of 
the four wheels that supported the engine by a cross-head 
and a pair of connecting-rods. But in attempting to 
. esUblish a direct communication between ihc cylinders 
and the wheels that rolled upon the rails, considerable 
difficulties presented themselves, The ordinary joints 
could not be employed to unite the engine, which was a 
rigid mass, with the wheels rolling upon the irregular sur- 
fece of the rails ; for it was evident that the two rails of 
the line of railway could not always be maintained at the 
same level with respect to each other, — that one wheel at 
the end of the axle might be depressed into a part of the 
line which bad subsided, wiiile the other would be elevated. 
In such a position of the axle and wheels it was clear that 
a rigid communication between the cross-head and the 
wheels was impracticable. Hence it became necessary 
to form a joint at the top of the piston-rod where it united 
■with the cross-head, so as to permit the cross-head always 
to preserve corapkte parallelism with the axle of the 
wheels with which it was in communication. 

" In order to obtain the flexibility combined with di- 
rect action, which was essential for insuring power and 
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avoiding needless friction and jais &tim irreguUrities in 
the rait, my father employed the ' ball and socket joint* 

for effecting a union between the ends of the cross-heads^ 
where they were united with the crank-pins attached to 
each driving-wheel. By this arrangement the parallelisrn 
between the cross-head and the axle was at all times main- 
tained, il being permitted to take place without producing; 
jar or friction upon any part of the machine. 

"The next important point was to combine each pair 
of wheels by some simple mechanism, instead of the cog- 
wheels which had formerly been used. My father began 
by inserting each axle into two cranks, at right angles to 
each other, with rods communicating horizontally between 
them. An engine was made upon this plan, and answered 
extremely well. But at that period {1815) the mechani- 
cal skill of the country was not equal to the task of foil- 
ing cranked axles of the soundness and strength necessary 
to stand the jars incident to locomotive work; so my 
father was compelled to fall back upon a substitute which, 
though less simple and less efficient, was within the me- 
chanical capabilities of the workmen of that day, either 
for construction or repair. He adopted a chain, which 
rolled over indented wheels placed on the centre of each 
axle, and so arranged that the two pairs of wheels weie 
effectually coupled and. made to keep pace with each 
other. But these chains after a few years' use became 
stretched, and then the engines were liable to irregular- 
ity in their working, especially in changing from working 
back to forward again. Nevertheless, these engines ooa- 
tinued in profitable use upon the Kiilingworth Colhery 
Railway for some years. Eventually the chain was laid 
aside, and the wheels were united by rods on the oiilsiJe 
instead of rods and crank-axles inside, as specified in tlie 
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[nclioB: Huffe and doea ootanaBkaoiaa bavv^ Ae 
rnfiider aod tbe wln^is ■i*")^ wmB die nAs ; ioint tA- 
hesaa ti ^ ihe wfaeefe. aHainrf l^ (be ase of bonoo- 
i td coonectiag-fDds ; rod, findljr. > bc«u t ifa l irwtHwl 'of 
. exciting 'Ate combasiioci of fiid bf anploying the nme 
' steam wltich had fomxriy been alkwed xo escape use- 
lessly. It is periiaps not too mach to say that this 
CDgine, as a inecfaamcal contriii-ance, coatained the gam 
of all that has since been eflected. It may be rcgaTdod. 
in fact, as a l>-pe of the present locomotive engine. 

"In describing my felher's application of the waste 
steam for the purpose of increasing tlic intensity of com- 
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bustion in the boiler, and thus increasing the power of the 
engine without adding to its weight, and while claiming 
for this engine the merit of being a type of all those which 
have been successfully devised since the commencement 
of the Liverpool and Manchester Railway, it is necessary 
to observe that the next great improvement in the same 
direction, the 'multitubular boiler,* which took place 
some years later, could never have been used without 
the help of that simple expedient, tAe steam-blast^ by 
which power only, the burning of coke was rendered 
possible. 

" I cannot pass over this last-named invention of my 
father's without remarking how slightly, as ian original 
idea, it has been appreciated ; and yet how small would 
be the comparative value of the locomotive engine of the 
present day, without the application of that important 
invention. 

"Engines constructed by my father in the year 1818, 
upon the principles just described, are in use on the Kil- 
lingworth Colliery Railway to this very day (1856), con- 
veying, at the speed of perhaps five or six miles an hour, 
heavy coal-trains, probably as economically as any of the 
more perfect engines now in use." 

The invention of the steam-blast by George Stephenson 
in 18 15 was fraught with the most important consequen- 
ces to railway locomotion ; and it is not saying too much 
to aver that the success of the locomotive has been in a 
great measure the result of its adoption. Without the 
steam-blast, by means of which the intensity of combus- 
tion is maintained at its highest point, producing a cor- 
respondingly rapid evolution of steam, high rates of speed 
could not have been kept up ; the advantages of the mul- 
titubular boiler (afterward invented) could never have 
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been fully tested ; and locomotives might still have been 
dragging themselves. unwieldily along at a rate of a little 
more than five or six miles an hour. 

As tile period drew near for the opening of the line, 
the question of the tractive power to he employed was 
anxiously discussed At the Bnisselton decline, fixed 
engine mus necessirily be made use of; but with in- 
spect to he n ode of 'orking the railway generally, it was 
decided tha horses were to be largely employed, and 
arrange en e e m Je for their purchase. 

Although lo orao es had been regularly employed in 
hauling coal-wagons on the Middleton Colliery Railway, 
" near Leeds, for more than twelve years, and on the Wylam 
"find Killingworth Railways, near Newcastle, for more than 
ten years, great scepticism sliU prevailed as to the econ- 
omy of employing them for the purpose in lieu of horses. 
In this case, it would appear that seeing was noi believing. 
"The popular scepticism was as great at Newcastle, where 
. itfic opportunities for accurate obseri'ation were the greatest, 
^ -^la anywhere else. In 1824 the scheme of a canal between 
3»at town and Carlisle again came up ; and although a 
V timid voices were raised on behalf of a railway, the 
general opinion was still in favor of a canal. The exam- 
ple of the Hetton Railway, which had been successfully 
orlted by Stephenson's locomotives for two years past, 
IS pointed lo in proof of the practicability of a locomo- 
; line between the two places ; but the voice of the 
1, as well as of the public, was decidedly against the 
t 'Bew-fangled roads." 

When such was the state of public opinion as to railway 

Amotion, some idea may be formed of the clear-sight- 

s and moral courage of the Stockton and Darlington 

; in ordering three of Stephenson's Vocqixvo'cni 



engines, at a cost of several thousand pounds, against the 
opening of the railway. 

These were constructed after Stephenson's most ma- 
tured designs, and embodied all the improvements M'hir.te 
he had contrived up to that time. No. r engine, 1 
" IXKomotion," which was first delivered, weighed about 
eight tons. It had one large flue, or tube, through 
the boiler, by which the heated air passed direct from 
the furnace at the one end, lined with fire-bricks, to tbd 
chimney at the other. The combustion in the fumac* 
was c|iiickened by the adoption of the steam-blast in the 
chimney. The heat raised was sometimes so great, a: 
it was so imperfectly abstracted by the surrounding water, 
that the chimney became almost red-hot Such engines^ 
when put to their speed, were found capable of lunniiiff 
at the rate of from twelve to sixteen miles an hour; 
they were better adapted for the heavy work of haul 
coal-trains at low speed — for which, indeed, they w 
specially constructed — than for running at the higbff 
speed afterward adopted. Nor was it contemplated bytle 
directors as possible, at the time when they were ordewi 
that locomotives could be made available for the puipo* 
of passenger travelling. Besides, the Stockton and D«- 
lington Railway did not run through a district in via ' 
passengers were supposed to be likely to constitiite II 
considerable portion of the traffic. 

We may easily imagine the anxiety felt by Geoige S 
phenson during the progress of the works toward cooqilK 
tion, and his mingled hopes and doubts — though ll 
I doubts were but few— as lo the issue of this great* 

L periraent. When the formation of the line near StodW 
^^-was well advanced, the engineer one day, accamfl 
^Hto his son Robert m\4 "^oVvv Wfan, made a \ 




inspection of the works. The party reached Stockton, 
and proceeded to dine at one of the inns there. After 
dinner, Stephenson ventured on the very unusual measure 
of ordering in a bottle of wine, to drink success to the 
raiiway. Jolin Dixon relates with pride the utterance of - 
tiie master on the occaaioa " Now, lads," said he to 
the two young men, " I venture to tell you that t think 
you will live to see the day when railways will supersede 
almost all otlier methods of conveyance in this countryj 
— when mail-coaches will go by railway, and railroads 
will become the great highways for the king and all his 
subjects. The time is coming when it will be cheaper for 
a working man to travel on a railway than to walk on foot, 
I know there are great and almost insurmountable diffi- 
culties to be encountered, but what I have said will come 
to pass as sure as you now hear me. I only wish I may 
live to see the day, though that I can scarcely hope for, 
as I know how slow all human progress is, and with what 
difficulty I have been able to get the locomotive intro- 
duced thus far, notwithstanding my more than ten years' 
successful experiment at Killingworth." The result, how- 
■ever, outstripped even George Stephenson's most sanguine 
expectations ; and his son Robert, shortly after his return 
from America in 1S27, saw ins father's locomotive gener- 
VOy adopted as the tractive power on mining-railways. 

Tuesday, the Z7th of September, 1825, was a great day 

■Jbr Darlington. The railway, after having been under 

construction for more than tliree years, was at length 

ibout to be opened. The project had been the talk of 

he neighborhood for so long that there were few people 

I^hhin a range of twenty mites who did not feel more or 

i interested about it. - Was it to be a failure or a suc- 

s? Opuiions were jjretly equally divided as. ^Ji 'fc'i "'■^■^ 
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way ; but as regarded the locomotive, the general belief was 
that it would "never answer." However, there was the 
locomotive " No. i " delivered upon the line, and ready 
to draw the first train of wagons on the opening day. 

A great concourse of people assembled on the occa- 
sion. Some came from Newcastle and Durham, many 
from the Aucklands, while Darlington held a general holi- 
day and turned out all its population. To give eclat to 
the opening, the directors of the company issued a pro- 
gramme of the proceedings, intimating the times at which 
the procession of wagons would pass certain points along 
the line. The proprietors assembled as early as six in the 
morning at the Brusselton fixed engine, where the work- 
ing of the inclined planes was successfully rehearsed. A 
train of wagons laden with coals and merchandise was 
drawn up the western incline by the fixed engine, a length 
of nineteen hundred and sixty yards in seven and a half 
minutes, and then lowered down the incline on the east- 
ern side of the hill, eight hundred and eighty yards, in five 
minutes. 

At the foot of the incline the procession of vehicles was 
formed, consisting of the locomotive engine No. i, driven 
by George Stephenson himself ; after it, six wagons loaded 
with coals and flour ; then a covered coach containing 
directors and proprietors ; next, twenty-one coal- wagons 
fitted up for passengers (with which they were crammed) ; 
and lastly, six more wagons loaded with coals. 

Strange to say, a man on a horse, carrying a flag with 
the motto of the company inscribed on it, Periculum pri- 
vatum utilitas publica^ headed the procession ! A Htho- 
graphic view of the great event, published shortly after, 
duly exhibits the horseman and his flag. It was not 

1 *' The private risk is the public benefit.'* 



thouglit so (bugerous a pitce, after all. The locomotive 
was only supposed 10 be able to go at the rate of from 
four to sbt miles an hour, at)<] an OT<Jinary horse could 
easily keep ahead of thai. 

Off started the procession, with the horseman at its 
head. A great concourse of people stoo<l along the line. 
Many of tiiera tried to accompany it by runningj and some 
gentlemen on horseback galloped across the fields to 
keep up with the train. The railway descending with a 
gentle decline tonard Darlington, tiie rate of speed was 
consequently variable. At a favorable part of the road 
Stephenson determined to try the speed of the engine, 
and he called upon the horseman with the flag to get out 
of his way ! Most probably, deeming it unnecessary to 
carry \{^ perimlum privatum farther, the horseman turned 
aside, and Stephenson "put on the steam." Tlie speed 
was at once raised to twelve miles an hour, and, at a 
favorable part of the road, to fifteen. The runners on foot, 
the gentlemen on horseback, and the horseman sviih the 
flag were consequently soon left far behind, \Vhen the 
train readied Darlington, it was found that four hundred 
and fifty passengers occupied the wagons, and that the 
load of men, coals, and merchandise amounted to about 
ninety tons. 

At Darlington the procession was rearranged. The six 
loaded coal-wagons were left behind, and other wagons 
were taken on with a hundred and fifty more passengers, 
together with a band of music. 'Hie train liien started 
for Stockton, — a distance of only twelve miles, — which 
was reached in about three hours. The day was kept 
throughout the district as a holiday ; and horses, gigs, 
carts, and other vehicles, filled with people, stood along 
the railway, as well as crowds of persons on foot, wailing 
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E train pass. The whole population of Sloe 
turned otit to receive the procession, and, after a \ 
through the streets, the inevitable dinner in the T 
Hall wound up the day's proceedings. 

The princii>al circumstances connected with the 
structiou of the "Rocket,"' as described by Robert. 
phenson to Mr, Smiles, may be briefly stated, 
tubular principle was adopted in a more complete 
than had yet been attempted. Twenty-five copper 
each three inches in diameter, extended from on 
' tJie boiler to the other, the heated air passing 

ihem on its way to the chimney; and the tubes 
. surrounded by the water of the boiler. It will be ob» 
, that a large extension of the heating surface was 
■ effectually secured. The principal difficulty 
the copper tubes in the boiler ends so as to prevent 
They were manufactured by a Newcastle ci^ 
. smith, and soldered to brass screws whicJi were ; 
o the boiler ends, standing out in great knobs. 
; tubes were tlius fitted, and the boiler was filled' 
water, hydraulic pressure was applied ; but the 
squirted out at every joint, and the factory floor wa 
flooded. Robert went home in despair ; and in iht! 
moment of grief he wrote to his father that the i 
thing was a failure. By return of post came a letter 
I his father, tellmg him that despair was not to be thfl 
, —that he must "try again;" and he su^C* 
I mode of overcoming the difficulty, which his son W 

ready anticipated and proceeded to adopt. 

I bore clean holes in the boiler ends, fit in the 

f;per tubes as tightly as possible, solder up, and iheal 

the steam, TViis ■pXan mtceeded perfectly ; the exptf 
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would of course rise in the tube, and the height to which 
it rose above the surface of the water in ihe Inickci H 
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of ilie amount of r 
experiments proved that a considerable increaa 
was obtained by the contraction of the orifice ; at 
Jngly, the two blasl-pipes opening from the cylindei 
cither side of the "Rocket" chimney, and ttini( 
within it, were contracted slightly below the area { 
ports ; and before the engine left the factor] 
water rose in the glass tube three inches above the 
in the bucket J 

Tlie other arrangements of the " Rocket " were | 
these : The boiler was cylindrical with flat ends, Sx i 
leugth, and three feet four inches in diameter. Ill 
per half of the boiler was used as a reservoir for the a 
the lower half being filled with water. Through the '. 
part the copper tubes extended, being open to the 
box at one end, and to the chimney at the other, 
fire-txix, or fiimace, two feet wide and three feel 1 
was attached immediately behind the boiler, and "W 
surrounded with water. The cylinders of the engine' 
placed on each side of the boiler, in an oblique pod 
one end being nearly level with the top of the boileil 
after end, and the other pointing toward the centre a( 
foremost or driving pair of wheels, with which the I 
neclion was dhectly made from the pistou-rod to a jfli 
the outside of the wheel. The engine, together widj 
load of water, weighed only four ton^and a quaitaj 
it was supported on four wiieels, not coupled. The! 

four-wheeled, and similar in shape 
the foremost part holding the fuel, and the hind p 
water-cask. 

Rocket " was finished, it was placed ij 
:he Killingworth Railway for the purpose of e 
,Thc new boWei atranastmiiiU was found j 
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L almost incalculable, while populations at a distance » 

1. for the result with almost equal interesL 

On the day appointed for the great competition of I 

k motives at RainhiU, the following engines were «Dterei 

L the prize : — 

I. Messrs. Braithwaite and Ericsson's " Novelty." 
a. Mr, Timothy Hackworth's " Sanspareil." 

3. Messrs. R. Stephenson & Co.'s " Rocket." 

4. Mr. Burstall's " Perseverance," 
Another engine was entered by Mr, Brandreth, of. 

'' erpool, — the "Cycloped," weighing three tons, WM 
' by a horse in a frame, — but it could not be admitte 
he competition. The above were the only four e 
ted, out of a considerable number ot engines 
in different parts of the country in anticipation of 
contest, many of which could not be satisfactorily 
plettd by the day of trial. 

The day fixed for the competition was the ist of 

ber; but to allow sufficient time to get the locomOll 

into good working order, the directors extended it » 

6th. On the morning of the 6th the ground at Ru 

presented a lively appearance, and there was a ■ 

excitement as if the St. Leger were about to b* I 

Many thousand spectators looked on, among whonl 

, some of tlie first engineers and mechanicians of tbe( 

A stand was provided for the ladies; the "beau? 

- fashion " of the neighborhood were present, and tb(i 

I* of the railroad was lined with carriages of all des 

It was quite characteristic of the StepbensoHi' 
L although their engine did not stand first c 

ivas the first that was ready ; and it was ai 
rdered out by the judges for an experimental D 
"RockcV" wa=, Vi-j no means the ' 




r the judges or the spectators. Nicholas Wood has S 
stated that the majority of the judges were strongly 1 
sposed in favor of the "Novelty," and that nine:! 
i, if not ten tentlis, of the persoi^s present were against 1 
Rocket" because of its appearance.* Nearly every 1 
n favored some other engine, so that there wag 1 
ng for the " Rocket " but the practical test. Thc-^ 
Erip made by it was quite successful. It ran about J 
3 miles, without intemiptioii, in about fifty-three] 
tes. J 

e " Novelty " was next called out. It was a light 3 
e, very compact in appearance, carrying the water 1 
115I upon the same wheels as the engine. Tlie weight I 
: whole was only three tons and one hundred- weight. 1 
juliarity of this engine was that the air was driven or 1 
1 through the fire by means of bellows. The day I 
; now far advanced, and some dispute having arisen I 
I the method of assigning the proper load for the I 
Fe%,"no particular experiment was made farther than 4 
the engine traversed the line by way of exhibition, 4 
lionally moving at the rate of twenty-four miles an 1 
The " Sanspareil," constructed by Mr, Timothy 1 
Eworth, was next exhibited, but no particular experi- i 
was made with it on this day. This engine differed I 
ittle in its construction from the locomotive last sup- 4 
' by the Stephensous to the Stockton and Darlington I 
ray, of which Mr, Hackworth was the locomotive ^| 

mn. I 

le contest was postponed until the following day ; but.J 
e the judges arrived on the ground, the bellows for J 
Jig the blast in the " Novelty " gave way, and it was J 

a grasshopper, caused by the angle a^| 



;he piston and cylinde; 
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found incapable of going through its performance, 
defect was also detected in the boiler of the " Sanspareil,''^ 
and some farther time was allowed to get it repiaired. The J 
large number of spectators who had assembled to wimessj 
the contest were gready disappointed at this 
ment ; but to lessen it, Stephenson again brought out tl 
" Rocket," and attaching to it a coach containing thu 
four persons, he ran them along the hne at the rate of fromv 
twenty-four to thirty miles an hour, much to their grattlica' ' 
lion and amazement. Before separating, the judges or* 
dered the engine to be in readiness by eight o'clock an 
the following morning, to go through its definitive tii^ 
according to the prescribed conditions. 

On the morning of the Slh of October the " Rocfcetl 
was again ready for the contest. The engine was taken tl 
the extremity of the stage, the fire-box was filled will 
coke, the fire lighted, and the steam raised until h lifto 
the safety-valve loaded to a pressure of fifty pounds to t 
square inch. This proceeding occupied fifty-seven mi 
utes. The engine then started on its journey, dra 
after it about thirteen tons weight in wagons, and mai 
the first ten trips backward and forward along the ti 
miles of road, running the thirty-five miles, including stop 
pages, in an hour and forty-eight minutes. The s 
ten trips were in like manner performed in two hours a 
three minutes. The maximum velocity attained duria 
the trial trip was twenty-nine miles an hour, or about thn 
times the speed that one of the judges of the competitit 
had declared to be the limit of possibility. The aveiag 
speed at which the whole of tlie journeys were ^perform 
was fifteen miles an hour, or five miles beyond tlie n 
specified in the conditions published by the compan) 
The entire performance excited the greatest astonishma 
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, ai6 STOXIES OF INVENTION. 

It was determined to award the prenaiii 
cessful engine on the following day. the i4lh. on whicli 
occasion there was an unusual assemblage of spectatore. 
Tlie owners of the " Novelty " pleaded for another irisl, 
and it was conceded. But again it broke down. TTien 
Mr. Hackworth requested the opporlunity for makiog 
another trial of his " Sanspareil." But the judges had ni 
had enough of failures, and ihey declined, i 
that not only was the engine above the stipulated weigiit, 
but that it was constructed on a plan which iheycouldw 
recommend for adoption by the directors of the ci 
One of the principal practical objections to this locomoiiit 
was the enormous quantity of coke consumed or waslrf 
by it, — about six hundred and ninety-two pounds p 
hour when traveUing, — caused by the sharpness ofdi 
steam-blast in the chimney, which blew a large proporfmi 
of the burning coke into the a 

The " Perseverance " of .Mr. Bursiall was found uDaNl 
to move at more than five or six miles an hour, and il 1) 
withdrawn from the contest at an early period. "^ 
" Rocket " was thus the only engine that had pei&ffB<4 
and more than performed, all the stipulated coaditi(**( 
and it was declared to be entitled to the prize of ;f5S4' 
which was awarded to the Messrs, Stephenson and BootW 
accordingly. And farther to show thai the engine hi 
been working quite ivithin its powers, George Stephen'' 
ordered it to be brought upon the ground and detsctl 
from all incumbrances, when, in mating two trips, il ■ 
found to travel at the astonishing rate of thirty-five B 
■ hour 

Rocket" had thus eclipsed the performiUOd' 

:nry Booth, sHietary to the Li 
lied lo Mt. Svc\ititiiioiil\ie idea o£ a nmltJliuljuLit boiltfi 
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STORIES OF TNVENTlOi^. ^ 

tmck-wheels) weighs from foity-seven to forty-eight 
of two thousand iwunds. On a road with no grades 
iHfcmy feet to the mile (i in 250) it will haul over 
thousand Ions at fifteen miles an hour. If the train is of 
merchandise, it will be of say fifty cars, each 
tons and canying ten tons. If it is of coal or ore, the 
care will each carry twenty or twenty-five tons." 

[" The ' Rocket,' " said Bedford, " which was the 
cessful engine at the RainhiU competition, weighed a link 
o\er four tons and had four wheels. Dragging a weigbtof 
thirteen tons in wagons, it made thirty-five miles in about 
two hours."] 

Our Engine No. 2 [continued the letter] made a nA' 
on a level in forty-three seconds with no train, but then 
are very few such records. Two of our fast trains (fiw 
cars each, weighing twenty-five tons) make a schtdri* 
in one place (level) of nine miles in eight minutes. 1 
have seen a record of a run on the Bound Brook Eoa»( 
of four cars, ten miles in eight minutes. I think tbis mis' 
have been down hill. 

I hope these facts will answer your views. IflbeffW 
anything ebe that I can gel up for you, I shall be ^ 
do it. 

Vours tnOy, 

Prentjss Arms 
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iiand if you do; and secood, ihal none of iii 
remember." 

Colonel Ingham laughed. " And third," he said, ' 
we are to talk about Inventions and Inventore, and n 
shall not get to Fergus's grand question till we com 
series on ' Political Economy and Political Economists.' 

" You are all quite right iij all your su^esiions and 
criticisms. It is quite time that you girls should knor 
something of the industry which is important not only 10 
all the Southern States, but to all the manufacturing States 
Cotton is the cheapest article for clothing in the world, ai 
the use of it goes farther and farther every year. TTk 
manufacture is also improving steadily. Thirty rata, 
women, and children wilt make as much cotton ( 
lo-day as a hundred could make the year you were bMH. 
Hester. I saw cottons for sale to-day at foiu- cents a jarf 
which would have cost nearly three times that moug 
thirty years ago. So I have laid out for you theseskelcSa 
of the life of EU Whitney, on whose simple tnventioftt! 
you remember, all this wealth of production may be aid 
to depend. You college boys ought to be pleased W 
know, that within a year after this man graduated fti 
Yale College, he liad made an invention and set it agffli 
which entirely changed the face of things in his 
country. At that moment there was so little cotton ra«d 
in America, that Whitney himself had never seen colt* 
wool or cotton seed, when he was first asked if he couW 
make a machine which would separate one from iheoUW' 
It was so little known, indeed, that when John Jay ofN" 
York negotiated a treaty of commerce with England * 
»4, the year after Whitney's invention, he did not b 
any cotton was produced in the United States. 1 
did not pTovide for our colton, and had to I 



'COTTON. 22Y* 

changed after il was brought back to America. With this 

I invention by VVhitEey, it was possible to clean cotton from 
the seed. The Southern States, whkii before had no 
staple of importance, had in that moment au immense ad- 
dition to their resources. Alabama, Mississippi, Louisiana, 
and Tennessee, besides the States in the old thirteen, were 
settled almost wholly to call into being new lands for 
raising cotton. To these were afterwards added Arkan- 
sas, Florida, and Texas. With this new industry slave 
labor became vastly more profitable ; and the institution 
of slavery, which would else have died out probably, re- 
ceived an immense stimulus. Fortunately for the country 
and the world, the Constitution had fixed the year 1808, 
as the end of the African slave trade. Rut, up to that 
date, slaves were pushed in with a constantly increasing 
t^idity, so that the new States were peopled very largely 
with absolute barbarians. There is hardly another in- 
stance in history where it is so easy to trace in a very few 
years, results so tremendous following from a single inven- 
_tion by a single man. 

I "Fortunately for us, Miss Lamb has just published a 
'i>ortrait of EU Whitney in the ' Magazine of History.' 
:Uere it is, in the October number of tlie ' Magazine of 
History,' 

f " As to processes of manufacture, of course we can 
t little or nothing about thera here. But you had 
d carefully this article in Ure's ' Dictionary of 
h it is a tittle old-fashioned, and then you will 
ared to make up parties to go out to the Hecla, or 
/3weil or Lawrence, where you can see with your 




3 now I will read you a little sketch of the life 
'hitney." 
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ELI WHITNEY. 



Eli Whitney was " bora at Westborougli, Worcester 
County, Massachusetts, Dec. 8, 1765. His parents be- 
longed to the middle class in society, who, by the labors 
of hushandry, managed by uniform industry and strict &u- 
gality to provide well for a rising family. 

The paternal ancestors of Mr. Whitney emigrated from 
England among the early setders of Massachusetts, and 
tjieir descendants were among the most respectable fann- 
ers of Worcester County. His maternal ancestors, of the 
name of. Fay, were also English emigrants, and ranked 
among the substantial yeoraaniy of Massachusetts. A 
family tradition respecting the occasion of their cop»- 
ing to this country may serve to illustrate the histcMj 
of the times. The story is, that about two hundred ycH* 
ago, the father of the family, who resided in England, a 
man of large property and great respectability, cattails 
gether his sons and addressed them tlius : " America is 
to be a great country. I am too old to emigrate myselfjj' 
but if any one of you will go, I will give him 3 douMe;] 
share of my property." The youngest son instant!)' dft: 
clared his willingness to go, and his brothers gave 
consent. He scxin set off for the New World. 
in Boston, in the neigliborhood of which place he p*' 
chased a large tract of land, where he enjoyed the salisit' 
tion of receiving two visits from bis venerable father. Iftj 
son Jolm Fay, from whom the subject of this memoir il] 
JM^'^^'^'^tsly descended, removed from Boston to 1 
»ugh, where he became the proprietor of a large 
pd, since known by the name of the Fay Farm. 
pm the sister of Mr. Whitney, we have derivedj 
p^i^s respeclin^ Viw cUildbood and 



shall present tlie anecdotes to our leaders in (lie anlcss 
style ID which Ihcy are related hy our corteiixjndeot, be- 
lieving Uiat ihey wodld be more accejitablc in Uiis siuD]>Ic 
dress tliao if, according to the modest stiggestiiin of die 
writer, they should be invested witli a more l;ibore<l dic- 
tion. The following incident, though trivial in itself, will 
serve to show at how early a period certain quatitiefl of 
strong feeling tempered by prudence, for wUicli Mr. Whit- 
ney afterward became distinguished, began to display them- 
selves. \Vhen he was six or seven yeyrs old he had 
overheartl the kitchen maid, in a fit of passion, calling his 
mother, who was in a delicate state of health, liard names, 
at which he expressed great displeasure to his sister. 
" She thought," said he, " that I was not big enough to 
hear her talk so about my mother. I think she ought to 
have a flogging ; and if I knew how to bring it about, she 
should have one," His sister advised him lo tell their 
father. " No," he replied, " it will hurt his feelings and 
mother's too ; and besides, it is likely the girl will say she 
never said so, and that would make a quarrel. It is best 
to say nothing about it." 

Indications of his mechanical genius were likewise de- 
veloped at a very early age. Of his early passion for 
such employments, his sister gives the following account ; 
" Our father had a workshop, and sometimes made wheels 
of different kinds, and chairs. He had a variety of tools, 
and a lathe for turning chair-posts. This gave my brother 
an opportunity of learning the use of tools when very 
young. He lost no time ; but as soon as he could handle 
tools, he was always making something in the shop, and 
seemed not to like working on the farm. On a time, after 
the death of our mother, when our father had been absent 
from home two or three days, on his rclurn he inciuired of 



the housekeeper what Ihe boys had been doing. She told' 
him what B. and J. had teen about. ' But what has Eli 
been doing?' said he. She replied he had been making; 
a fiddle. ' Ah,' said he, despond in gly, ' I fear Eli t 
have to take his portion in fiddles,' He was at tliis time 
about twelve years old. His sister adds that this fiddle 
was finished throughout, like a common liolin, and made 
tolerably good music. It was examined by many peraon^ 
and all pronounced it to be a remarkable piece of work 
for such a boy to perform. From this time he was em- 
ployed to repair violins, and had many nice jobs, whicb 
were always executed to the entire satisfaction, and often 
to the astonishment, of his customers. His father's watch 
being the greatest piece of mechanism thai had yet pre 
sented itself to his observation, he was extremely desirou^ 
of examining its interior construction, but was not permit 
ted to do so. One Sunday morning, observing that his 
father was going to meeting, and would leave at home the' 
wonderful little machine, he immediately feigned illness a 
an apology for not going to church. As soon as the fam- 
ily were out of sight, he flew to the room where the watch 
hung, and taking it down he was so delighted with ils 
motions that he took it all to pieces before he thought c 
the consequences of his rash deed; for his father was a- 
stem parent, and punishment would have been the reward 
of his idle curiosity, had the mischief been detected, 
however, put all the work so neatly together that his fathef 
never discovered his audacity until he himself told hiiil, 
many years afterwards. 

" Whitney lost his mother at an early age, and when b8 
was thirteen years old his father married a second time) 
His stepmother, among her articles of furniture, had I 
handsome set of table knives that she valued very highly. 
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\Vbca IMiimey vas fifieea or axOea yan of age in 
suggested to his ^thc? aa eoie nai ae. wfaid) tns an eunoM 
of the fy'P'lar un d ma ka<gt in «rhkii be atgaged ui a &r 
gtcaier scale in later life. This baag ihc ume of the 
RevotutkniacT War, naib were in great denuiai] and txve 
a bigh prioe, Al thai period oails were nude chiefly by 
hand, with litde aid from macbinCTT. ^'ouog HhiiDef 
proposed to his father lo procure bini a fcir took, and to 
permil him lo set up the manuiaclure. His £iiher con- 
seated ; and he went steadily to wort, and suffcrciJ nothing 
to divert him from his Usk untii his day's w-orlt was com- 
pleted. By extraordinari' diligence he gained litnc to 
make took for his own ase, and to put in knifc-blaiics, antl 
to perform many other curious little jobs which exccc<fcd 
the skill of the country artisans. At this laliorions ifocujta- 
tion the enterprising boy wrooghl alone, with great success, 
and with much profit to his father, for two winicrs, pursu- 
ing the ordinary labors of tlie farm during tlie siimrnere. 
At this time he devised a plan for enlarging hts buniness 
and increasing his profits. He whiajXTed his scheme to 
his sister, with strong injunctions of secrecy ; and rcfiucsl- 
ing leave of his falher to go to a neighboring town, without 
specifying his object, he set out on horseback in qiie»l ot 
a felluw- laborer. Not finding one as easily ns he liail 
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anticipated, he proceeded from town to town witli a per- 
severance which was always a strong trait of his characte^ 
until, at a distance of forty railes from home, he foun^ 
such a workman as he desired. lie also made his journey 
subservieaC to his mechanical skill, for he called at eveijt 
workshop on his way and gleaned all the information \ 
-could respecting tlie mechanical arts. 

At the close of the war the husiness of making nads wi 
no longer profitable ; but a fasliion prevailing among th< 
ladies of fastening on their bonnets with long pins, li 
contrived to make those with such skill and dexterity thai 
he nearly monopolized the business, although he devoted 
to it only such seasons of leisure as he could redeem firoiH 
the occupations of the farm, to which he now principally 
betook himself. He added to this article, the manufacture 
of walking- canes, whicli he made with peculiar neatness. 

In respect to his proficiency in learning while young, wfl 
are informed that he early manifested a fondness for figw 
ures and an uncommon aptitude for arithmetical calcula-- 
tions, though in the other rudiments of education he « 
not particularly distinguished. Vet at the age of fourteea 
he had acquired so much general information, as to bef 
regarded on this account, as well as on account of hal 
mechanical skill, a very remarkable boy. 

From the age of nineteen, young Whitney j:onceived 
the idea of obtaining a liberal education ; but, being w 
opjjosed by his stepmother, he was unable to procure the 
decided consent of his father, until he had reached the age 
of twenty-three years. But, patdy by the avails of hi 
manual labor and partly Ijy teaching a village school, h 
had been so far able to surmount the obstacles thrown 1 
his way, that he had prepared himself for the Fis 
Class in Yale College, which he ealered in May,j 
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'ihe gem fc inan wiili wiiam Ui. Wfaaner bottrded, ibc bdter 
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was imwilliDg to trast Ibem wUb a aadem, uid it was onlj' 
after the gemkman of the bonsc had bcootnc KUwaJMc 
for aD damagK, tbat be woold gnnt ibc jiaiHHhiop Bat 
Mr. Whitney had no wooer co nwacncr d bis opcnoons 
than tbe catpeoto- was sai]iTised U hk dexterit}', and ex- 
cliimcd, " There was one good mechanic ^Miicd when 
you went to college." 

Soon aiter Mr. nTiitney took his degree, in the auuimn 
of 1 79Z, he entered into an engagement with a Mr, B. of 
Georgia, to reside in his family as a private teacher. On 
hia way Uiilher, he was so fortunate as to have the company 
of Mis. Gieeoe, the widow of General Greene, who, witli 
her family, was returning to Savannah after spending the 
summer at the North. At that time it was deemed unsafe 
to travel through our country without having had Ihc 
small-pox, and accordingly Mr. Whitney prepared himself for 
the Excursion, by procuring inoculation while in New York. 
As sooo as he was sufficienlly recovered, tlie party set sail 
for Savanntdi. As his health was not fully re -cstahl idled, 
Mrs, Greene kindly invited him to t'O ^^''■'i 'I"-' f-^'n\]y lo 
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her residence at Mulberry Grove, near Savannah, an 
remain until he was recruited. The invitation was ac; 
cepted ; but lesl he sliould not yet have lost all power of 
communicating that dreadful disease, Mrs. Greene hac 
white flags (the meaning of which was well understood)* 
hoisted at tlie landing and at all the avenues leading t; 
the house. As a requital for her hospitality, her guesi 
procured the virus and inoculated all the servants of tht 
household, more than fifty in number, and carried thea 
safely llirough the disorder. 

Mr. Whitney had scarcely set his foot in Georgia, befort 
he was met by a disappointment which was an earnest 
that long series of adverse events which, with scarcely an 
exception, attended all his future negotiations in the sam< 
State. On his arrival he was informed that Mr. B. hae 
employed another teacher, leaving Whitney entirely wilhoQl 
resources or friends, except those whom he had made i| 
the family of General Greene. In these benevolent people 
however, his case excited much interest ; and Mrs. Green* 
kindly said to him, " My young friend, you propose study- 
ing the law ; make ray house your home, your roon 
your castle, and there pursue what studies you please.'^ 
He accordingly began the study of the law under tha! 
hospitable roof. 

Mrs. Greene was engaged in a piece of embroidery if 
which she employed a pecuLar kind of frame, called ] 
tambour. She complained that it was badly coQstructe<% 
and that it tore the delicate threads of her work. Mk 
Whitney, eager for an opfiortunity to oblige his hostess, sC 
himself to work and speedily produced a tambour-liame 
made on a plan entirely new, which he presented to her, 
Mrs. Greene and her family were greatly delighted with i^ 
and thought it a wonderful proof of ingenuity. 



1 i J H^ . * - »• ... ^- ■ • - 

pr--/, — - - ^ » — 

the I'-'.-'tr ...:.- 

Thev :t'l .:.:. . . : •■"' .:. 

niean- ::' .".;■■.-:■.:.- :.: . 
from ::^ ^-tr. : *.■.: ..^ . 
the c.:'.:.-!- .1 .•' - - ■ 
But i-L. -... ■ 
wo-M rrti: !-: .:.;.• . 
to think :: ::.... :.. ■ ■: 
pour.c ■-: '-■■■: . i:.i.-. -.i.. 
for a ■airi.i.i . ,■ v.- 
cotror. rti= v.- t- :•:..... 
over. Tr.tz. V_=: .:.- r. 
coUcc:t-i .:^ . .' . r . . :: 
the c:z.r^- ir.', . ..: :.-: 
were tzj:!^-'. .•_ 
Mrs. Gr-zt. " -y. .. 
he dn zi^jit i.*. '.'.."... 
theni ir.:'-. i --■..•. .•." *■. 
bour-fri.v.-: i- : i : .-.-....- 
made -ir r-;-i..-- : '.•- . .- 
the i'er-i-t-v:- -., 
ar.d c'jrr..v.'i:.'.ii.." i ■ ". .. 



and wher. V-r:-; 



>«M ■ 



lie • v^ T'- ^.. ..... .. . .-. 

Cjreer*e ^ii i " * *,'■: '.* ■ •••. 
plibhed r.-.-/ i.". .r- - 

man, and. Vj \r::..i - '. v., ., 
interest w'r.ich '/:r vir"./'. v,*- 



230 STOHIES OF INVENTION. 

lead to his getting some employment to enable him to 
prosecute the study of the law." 

But a new turn, that no one of the company dreamed of, 
had been given to Mr. Whitney's views. It being out of 
season for cotton in the seed, he went to Savannah and 
searched among the warehouses and boats until he found 
a small parcel of it. This he carried home, and communi- 
cated his intentions to Mr. Miller, who warmly encouraged 
him, and assigned him a room in the basement of the house, 
where he set himself to work with such rude materials and 
instruments as a Georgia plantation afforded. With these 
resources, however, he made tools better suited to his pur- 
pose, and drew his own wire (of which the teeth of the 
earliest gins were made), — an article which was not at that 
time to be found in the market of Savannah. Mrs. Greene 
and Mr. Miller were the only persons ever admitted to his 
workshop, and the only persons who knew in what way he 
was employing himself. The many hours he spent in his 
mysterious pursuits, afforded matter of great curiosity and 
often of raillery to the younger members of the family. 
Near the close of the winter, the machine was so nearly 
completed as to leave no doubt of its success. 

Mrs. Greene was eager to communicate to her numerous 
friends the knowledge of this important invention, pecul- 
iarly important at that time, because then the market was 
glutted with all those articles which were suited to the cli- 
mate and soil of Georgia, and nothing could be found to 
give occupation to the negroes and support to the white 
inhabitants. This opened suddenly to the planters bound- 
less resources of wealth, and rendered the occupations of 
the slaves less unhealthy and laborious than they had been 
before. 

Mrs. Greene, therefore, invited to her house gentlemen 
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from difftrcnt parts of ihc Suic ; ukI on the 6m dxy after 
they had assembled, she condurtcH them m a tcmpontry 
building which had been crccte'I for the machine, and 
. they saw with astonUhmeot and dclii;hi, ihai more option 
could be separated from the seed in one <Uy, hy the litl>or 
of a single hand, thau could bctlonu in the usual maniwrr 
in Ihe space of many months. 

Mr. Whitney miyht now have indulged ia liright reverie* 
of fortune and of fame ; but wc sh.ill h^vc rjtriaiis oiinor- 
tunities of seeing that he tempercil liis invemive f^ntu* 
with an unusual share of the lalm, corLsiilemic (inxlhlcfl o€ 
the financier. Although urged by his friends to «et^:Ufe A 
patent and devote himself to the manuCtcturc and iauo- 
duction of his machines, he coolly replied thni, on accuaoi 
of the great expenses and trouble which alwayt itlewl the 
introduction of a new invention, and the d^&ulcy «^ 
enforcing a law in favor of paUnteet, in rn^j^xm to 
the individual interests of so large a nniDber ol |«!^w^ ^ 
would be concerned in the cukm (tf Akavtoir, • «>•> 
with great reluctance that he 
the hopes of a lucrative 
destined, with an esi»cctalioo of i 
justice or llie gratitwle of hii 
Ihe invention answer the boK 
his friends. 

The individual wbo owiA m 
pereeveie in the 
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the law, and was a gentleman of cultivated aiinii j 
Ktoiperior talents ; but he was of an ardent temperament 

1 therefore well fitted lo enter with zeal into the 
rhich the genius of his friend had laid open to hire 
abo had considerable funds at command, and proposa 
lo Mr. Whitney to become his joint adventurer, and t( 
be at the whole expense of maturing the invention until i 
should be patented. If the machine should succeed in 
intended operation, the parties agreed, under legal fonnafr 
ties, "thai the profits and advantages arising therefrom, h 
well as all privileges and emoluments to be derived ft 
patenting, making, vending, and workmg the same, sboulft 
be mutually and equally shared between tliem." Tha 
instrument bears date May 27, 1793; and immediattljl 
afterward ihcy commenced business under the finn a 
Miller and Whimey, 

An invention so important to the agricultural interest 
(and, as it has proved, lo every department of humtf 
industry) couid not long remain a secret. The k 
edge of it soon spread tlirough the State, and so great* 
the excitement on the subject, that multitudes of peisMl 
came from all quarters of the State to see the rnaclw 
but it was not deemed safe to gratify their curiosity IB 
the patent right had been secured. But s 
were some of the populace to possess this treasuK 
neither law nor justice could restrain them ; they tl 
open the building by night, and carried off the n 
In this way the public became possessed of the im 

I and before Mr. Whitney could complete his model* 
jecure his patent, a number of machines v 
■1 operation, constructed with some slight deviation ft 
k original, with the hope of escaping ihe | 
^biing the pa\ei\\, Vi^\.. 



As 9000 as tbe cnpanDo^qi nf Miller and Wt^OKf 
was funned. Ur. VVhitac]' rquired D ConacctkiU, whetf , 
as &r as poaable, be «-» to patect ibc nucbtnc, obMio 
a patent, and manuucttire and ship to tktV)pa surh a 
Oiu^>eT of ntachines as arookl sa|)|ily tlio Jenund. 

Whhin three daj's after the conclusJou (i( llic coputtncr- 
ship, Mr. Whitney haiing set oat for the North. Mr. Mil- 
ler commenced his long cofTespondeitce relative to tlie 
cotton^o. The first k-ttcr announces ih.« ciicrtMch- 
mcnts upon their rights had already begun, " It will 
be necessary," says Mr. Miller, " to have a consider- 
^le number of gins made, to be in reailincas lu seiul out 
as soon as the patent is obtained, in order to satiiify the 
absolute demands, and make people's heads easy on ilie 
subject ; /ar I am viformeii of two etktr Hnimanlsfor tht 
honor of Ike invention of ailton-gins, in a,iiiition to thost 
we knew before.^' 

On the 20lh of June, 1 793, Mr. Whitney presented liii 
patent to Mr. Jefferson, then Secreuiry of Stale ; hut the 
prevalence of the yellow fever jq Pliiladcilphia (which wa« 
then the seat of government) |jrcvcntcd Ins concJiidinft 
the business relative to the patent until several monilm 
afterwards. To prevent being anticipated, Jie took, liow- 
ever, the precaution to make oatli to the" invention before 
the notary public of the city of New Haven, which lie 
did on the aSth of October of the same year. 

Mr. Jefferson, who had much curiosity in regard to 
mechanical inventions, took a peculiar IntercHt in thU 
machine, and addressed to the inventor an obliginjf letter, 
desiring farther particulars respecting it, and cxpreHning fl 
wish to procure one for his own use.' Mr. Whitney ac- 
cordingly sketched the history of the invention, and of the 
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construction and performances of the •machine. " It is 
about a year," says he, " since I first turned my attention 
to constructing this machine, at which time I was in the 
State of Georgia. Within about ten days after my first 
conception of the plan, I made a small though imperfect 
model. Experiments with this encouraged me to make 
one on a larger scale ; but the extreme difficulty of pro- 
curing workmen and proper materials in Georgia pre- 
vented my completing the larger one until some time in 
April last. This, though much larger than my first at- 
tempt, is not above one third as large as the machines may 
be made \\nth convenience. The cylinder is only two 
feet two inches in length, and six inches in diameter. It 
is turned by hand, and requires the strength of one man 
to keep it in constant motion. It is the stated task of one 
negro to clean fifty weight (I mean fifty pounds after it is 
separated from the seed) of the green cotton seed per day." 
In the year 1812 Mr. Whitney made application to 
Congress for the renewal of his patent for the cotton- 
gin. In his memorial he presented a history of the strug- 
gles he had been forced to encounter in defence of his 
right, obsen'ing^ that he had been unable to obtain any 
decision on the merits of his claim until he had been 
eleven years in the law, and thirteen years of his patent 
term had expired. He sets forth* that his invention had 
been a source of opulence to thousands of the citizens of 
the United States ; that, as a labor-saving machine, it 
would enable one man to perform the work of a thousand 
men ; and that it furnishes to the whole family of man- 
kind, at a very cheap rate, the most essential article of 
their clothing. Hence he humbly conceived himself en- 
titled to a further remuneration from his country, and 
thought he ought to be admitted to a more liberal par- 



ticipation with his felloiv-citizens in the benefits Of his in- 
vention. Although so great advantages had been already 
, experienced, and tlie prospect of ftilure benefits was so 
promising, still, many of those whose interest hat! been 
most enhanced by this invention, had obstinately persisted 
I In refusing to make any compensation to the inventor, 
S-The very men whose wealth had been acquired by the 
ttse of this machine, and who liad grown rich beyond all 
former example, had combined their exertions to prevent 
the patentee from deriving any emolument from his inven- 
_ .-tion. From that State in whicli he had first made and 
K* Hfhere he had first introduced his machine, and which had 
"^derived the most signal benefits from it, he had received 
'DOthing ; and from no State had he received the amount 
of half a cent per pound on the cotton cleaned with his 
'tnachines in one year. Estimating the value of the labor 
I of one man at twenty cents per day, the whole amount 
'^luch had been received by him for his invention was not 
'equal to the value of the labor saved in one hour by his 
jttiachines then in nse in the United States. " This inven- 
tion," he proceeds, " now gives to the southern section of 
^•"le Union, over and above the profits which would be , 
^aerived from the cultivation of any other crop, an annual 
'jeraoluraent of at least three millions of dollars.'" The 
(bregoing statement does not rest on conjecture, it is no 
VJsionar)' speailation, — all these advantages have been 
K^ealized; the planters of the Southern States have counted 
|9be cash, felt the weight of it in theu" pockets, and heard 
eshibrating sound of its collision. Nor do the advan- 
stop here. This immense source of wealth is but just 
^ginning to be opened. Cotton is a more cleanly and 

12, twenty years after the inventi on of the 
jnDously gteiler. 
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healthful aitide of cultivation than tobaccso and indigG^ ^i! 
which It has superseded, and does not so much impovqr« ^ 
ish the soiL This invention has already trebled the valne^; 
of the land through a large extent of territory; and the'-; 
degree to which the cultivation of cotton may be stiU aiig-'.^ 
mented, is altogether incalculable. This species of cotton ^^ 
has been kno¥m in all countries where cotton has becok":;; 
raised, from time immemorial, but was never known as vx./ 
article of commerce until since this method of cleaning it C^ 
was disco\'ered. In short (to quote the language of Ja4g<^'; 
Johnson), *' if we should assert that the benefits of this Jii^/^ 



vention exceed one hundred millions of dollars^ we oaii]fi% 
prove the assertion by correct calculation." It is obfecMd'^-r 
that if the patentee succeeds in procuring the renewal- of j.^' 
his patent, he will be too rich. There is no probabfiil^ V^ 
tiiat the patentee, if the term of his patent were ezte&detlf'^ 
for twenty years, would ever obtain for his invention one^ ' 
half as much as many an individual will gain by use of it' 
Up to the present time, the whole amount of what he has 
acquired from this source (after deducting his expenses) 
docs not exceed one half the sum which a single individ- 
ual has gained by the use of the machine in one year. It 
is true that considerable sums have been obtained froin 
some of the States. where the machine is used; but no 
small portion of these sums has been expended in pros- 
ecuting his claim in a State where nothing has been ob- 
tained, and where his machine has been used to the 
greatest advantage. 

There was much more which was curious, laid out in 
different books ; but the call came for supper, and the 
oung people o> 



JAMES NASMYTH. 



. THE STEAM-HAMMER. 

AY dear Uncle Fritz, I have found something very 
■^ precious." 

E hope it is a pearl necklace, my dear," was his reply, 
jugh I see no one who needs such wnaments less." 
ester waltzed round the room, and dropped a very 
tourtesy before Uncle Frits in acknowledgment of his 
pliment ; and all the others clapped their hands. They 
i her, more clamorously than Uncle Fritz, what she 
bund. 

i have found a man — " 
rhat is more than Eiiogenes could." 
Horace, I shall send you out of the room, or back on 
principles. Do you not know that it is not nice to 
rupt?" 

■ have found a man. Uncle Fritz, who is an inventor, 
Bt inventor ; and he is very nice, and he likes people 
people like him, and he always succeeds, — his things 
but well, like Dr. Franklin's ; and he says the world 
^ways been grateful to him. He never sulks or com- 
B ; he knows all about the moon, and makes wonder- 
Sctures of it ; and he 's enormously rich, I belie 
—but that's not so much matter. The best of all is, 
e beran just as we begin. He \iajl a. mte ^'feft\ b 
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a nice mother and a good happy home, and was brought 
Up like good decent children. Now really, Uiicle Fritz, 
you must n't laugh ; but do you uot think that most of the 
people whose lives we read have to begin horridly? They 
have to be beaten when they are apprentices, or iheir 
fathers and mothers have to die, or they have to walk 
tlirough Philadelphia with loaves of bread under their armSj 
or to be brought up in poor-houses or something. Now, 
nothing of that sort happened to my inventor. And I am 
very much encouraged. For ray father never beat rae, and 
my mother never scolded me half as much as I deservedj 
and I never was in a poor-house, and I never carried a 
loaf of bread under my arm, and so I really was afraid I 
should come to no good. But now I have found my 
new tnoon-man, I am very much encouraged." 

The others laughed heartily at Hester's zeal, and 
Blanche asked what Hester's hero had invented, and. 
what was his name. The others turned to Uncle FriU 
half incredulously. But Uncle Fritz came to Hester's 
reUef. 

" Hester is quite right," he said ; " and his name it is 
James Nasrayth. He has invented a great many things, 
quite necessary in the gigantic system of modem machine- 
building. He has chosen die steam-hammer for his de- 
vice. Here is a picture of it on the outside of hts Life. 
You see I was ready for you, Hester." 

The children looked with interest on the device, 
Fergus said \hat it was making heraldry do as it should^ 
and speak in the language of the present time. 

Then Uncle Fritz bade Hester find for them a pas- 
sage in the biography where Mr. Nasmyth tells how he 
changed the old motto of the family. Oddly eno 
Ihe legend says that the first Nasmyth took his n 
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after a Tomantic escape, whe.. one of his pursuers, fimiiiu 
him disguised as a blacksmith, cried out. " Ve re *i.ic 

smythr 

It is a litde queer that this name should have Ken 
given to the family of a man. who, in his lime, K»rt:cd 
heavier pieces of iron than had e\er been K»r^td IcU'R-. 
and, indeed, invented the machiner>- by which ihis >lK»iild 
be done. The old Scotch family had for a moilo ihe 

words 

" Non arte, sed Marte." 

With a very just pride, James Nasmyth has changed the 
motto, and made it 

"fCon Marte, sed arte." 

That is, while they said, ** Not by art, but by war/* this 
man, who has done more work for the work!, ilirecily 
or indirectiy, than any of Aladdin's genii, says, *' Not by 
war, but by art." 

Hester was well pleased that their old friend justified 
her enthusiasm so entirely. He and she began dij>piiig 
into her copy and his copy of the biography, which is 
one of the most interesting books of our time. 

JAMES NASMYTH. 

My grandfather, Michael Naesmyth, like his father and 
grandfather, was a builder and architect. The building's 
he designed and erected for the Scotch nobility and 
gentry were well arranged, carefully executed, and thor- 
oughly substantial. I remember my father i)ointin^ out 
to me the extreme care and attention with which he 
finished his buildings. He inserted small fragments of 
basalt into the mortar of the external joints of the stones, 
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at close and regular distances, in order to protect the 
mortar from the adverse action of the weather; and to 
this day they give proof of their efficiency. 

The excellence of my grandfather's workmanship was 
a thing that my own father impressed upon me when a 
boy. It stimulated in me the desire to aim at excellence 
in everything that I undertook, and in all practical matters 
to arrive at the highest degree of good workmanship. I 
believe that these early lessons had a great influence upon 
my future career. 

My father, Alexander Nasmyth, was the second son of 
Michael Nasmyth. He was bom in his father's house in 
the Grassmarket, on the 9th of September, 1758. 

I have not much to say about my father's education. 
For the most part he was his own schoolmaster. I have 
heard him say that his mother taught him his ABC, 
and that he afterward learned to read at Mammy Smith's. 
This old lady kept a school for boys and girls at the top 
of a house in the Grassmarket. There my father was 
taught to read his Bible and to learn his Carritch (the 
Shorter Catechism). 

My father's profession was that of a portrait-painter, to 
begin with ; but later he devoted himself to landscape- 
painting. But he did not confine himself to this pursuit. 
He was an all-round man, with something of the uni- 
versal about him. He was a painter, an architect, and a 
mechanic. Above all, he was an incessantly industrious 
man. 

I was bom on the moming of the 19th of August, 1808, 
at my father's house in Edinburgh. I was named James 
Hall, after a dear friend of my father. My mother 
afterward told me that I must have been a "very no- 
ticin' bairn," as she observed me, when I was only a few 



days old, following with my little eyes any one who hap- 
pened to be in the room, as if I had been thinking to my 
little self, " Who are you?" 

When I was about four or five years old I was observed 

to give a decided preference to the use of my left hand. 

At first everything was done to prevent my using it in 

'preference to the right, until my father, after viewing a 

I^Jj^tle sketch I had drawn with my left hand, allowed me 

Jto go on in my own way, I used my right hand in all 

•-Ifaat was necessary, and my left in all sorts of practical 

, ''Snanipulative affairs. My left hand has accordingly been 

^my most willing and obedient servant, and in this way 

J became ambidexter. 

Pk In due time I was sent to school ; and while at- 
. /'tending the High School, from 1817 to iSzo, there was 
le usual rage among boys for spinning- tops, " pee- 
;s," and " young cannon." By means of my father's 
illent foot-lathe I turned out the spinning-tops in capi- 
styie, so much so that I became quite noted among 
school companions. Tliey all wanted to have speci- 
;ns of my productions. Th&y would give any price for 
The peeries were turned with perfect accuracy, 
the steel-shod or spinning pivot was centred so as to 
ispond with the heaviest diameter at the top. They 
■Uld spin twice as long as the bought peeries. When at 
speed they would " sleep ; " that is, turn round without 
jaarticle of wavering. This was considered high art as 

■ded top-spinning. 
^Plying- kites and tissue-paper balloons were articles 
-"t I was also somewhat famed for producing. There 
a good deal of special skill required for the produc- 
Of a flying-kite. It must be perfectly stilt and stead-j 
ts highest flight in the air, "Pa.i^e,T i:ae.?.^v.%CTi 
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ypov sent op to it along the string which held 
gnmnd. The top of the Catton HiU was I 
&voriie pbcc f<w enjoying this pleasant amuser 
.Another article for which I became equally 
was the manufactuie of small brass cannon. 
cast and bored, and mounted on their appiopr 
carnages. They proved very effective, especial! 
loadness of the report when fired. I also conver 
cellar-keys into a sort of hand-cannon. A tt 
was bored into the barrel of the key, with a slid 
coUar that allowed the key-guns to be loaded and 
ready for hring. 

The principaj occasion on which the brass cat 
hand-guns were used was on the 4th of June, 
George the Third's birthday, This was always ct 
with exuljerant and noisy loyalty. The guns of tl 
were fired at noon, and the number of shots corre 
with the number of years that the king had 
The grand old Castle was enveloped in smoke, 
discharges reverberated along the streets and an 
surrounding hills. Ever>nhingwas in holiday orde 
coaches were hung with garlands, the shops we 
inented, the troops were reiiewed on BruntsfieliJ 
and the citizens drank the king's health at the 
throwing the glares over their backs. The iM>'s I 
gunpowder, or threw squibs or crackers, from d 
till night. It was one of the greatest schooUw? 
of the year. 

My little brass cannon and hand-guns were W 

that day. They were fired until they becaiue qin| 

I These were the pre-lucifer days. The fire to fiS 

[ powder at the touch-hole was obtained hy the W 

, flint, a si.ee\, atvA b. <\«4e^-\]firj_ ITie fiini wu ' 
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sharply on the steei, a spark of fire consequently fell into 
the tinder-box, and the match (of hemp string, soaked in 
salqjetre) was readily lit and fired off the litde guns. 

One of my- attached cronies was Tom Smith. Our 
friendship began at the High School in 1818. A simi- 
larity of disposition bound us together. Smith was the son 
of an enterprising general merchant at Leith. His father 
had a special genius for practical chemistry. He had 
I «tablished an extensive color -manufactory at Portobello, 
KlseaT Edinburgh, where he produced white lead, red lead, 
b.'Snd a great variety of colors, — in the preparation of 
L_ which he required a thorough knowledge of chemistry. 
Tom Smith inherited his father's tastes, and admitted me 
■to share in his experiments, which were carried on in a 
I 'Chemical laboratory situated behind his father's house at 
s bottom of Leith Walk. 

We had a special means of communication. When 

mything particular was going on at the laboratory, Tom 

I Ijoisted a white flag on the top of a high pole in his 

5 garden. Though I was more than a mile away, 

Rl kept a lookout in the direction of the laboratory with 

1 spy-glass. My father's house was at the top of l^eith 

■Valk, and Smith's house was at the bottom of it. When 

; flag was hoisted I could clearly see the invitation to- 

; to come down. I was only too glad to run down the 

Valfc and join my chum, to take part in some interesting 

bcmical process. Mr. Smith, the father, made me heart- 

t welcome. He was pleased to see his son so much at- 

me, and he perhaps beliei'ed that I was worthy 

Bitf~ his friendship. We took zealous part in all the chem- 

~l proceedings, and in that way Tom was fitting himself 

^ the business of his life. 

|r. Smith was a most genial- tempered "man. Vl^ 



sbn 

K 

~ obj 
btt 

L met 

^" this 



ts&o 



^344 srojt/ES OF r.vr£,KTfoN. 

shrevd and quick- wiaed, like a native of York, a 

I KcCTTcd Uie grcaifisi kindness ftom him as well as & 

famil}'. His house was like a musei 
obuKts, in which were placed choice and interesdn 
objects in Datura] history, geo]og\', mineralogy, and n 
1 were represented. Many of these spec 
mens had been brought to him from abroad by h 
'«lui>-c3ptains, who transported his color manufactures a 

ler commodities to foreign parts. 

My friend Tom Smith and I made it a rule — 
this we were encouraged by his father — ihat, so far 1 
was possible, we ourselves should actually makt the «a^ 
and other substances used in our experiments, 
not to buy them ready-made, as this would have taken ik 
iest out of our enjoyment. We should have lost ll 
pleasure and instruction of producing them by mems* 
oia' own wits and energies. To encounter and overet 
a difficnlty is the most interesting of all things. HeiW 
though often bafHed, we eventually produced perfect l(i 
droens of nitrous, nitric, and muriatic acids. ~ ^ 

alcohol from duly fermented sugar and water, and reclSd 
the resultant spirit from fusel-oil by passing the alwi 
vapor through animal charcoal before it entered ihe » 
of the still. We converted part of the alcohol into • 
phuric ether. We produced phosphorus from old \ 
and elaborated many of the mysteries of chemistry. 

The amount of practical information which w 
by this system of making our own chemical agenlSi^ 
such as to reward us, in many respects, for the t 
underwent. To outsiders it might appear a v 
some and roundabout way of getting at Ibe finally 4 
Viut 1 feel certain that there is no belief Q 

rooting c\\emca\ ot a-w-j o&ts \i^3>icrion d 





miuds. Indeed, I regret that the same system is not pur- 
sued by the youth of the present day. They are seldom 
if ever called upon to exert their own wits and industry to 
obtain the requisites for their instruction. A great deal is 
now said about technical education ; but how little there 
' is of technical handiness or head work I Everything is 
bought ready-made to their hands ; and hence there is no 
call for individual ingenuity. 

I left the High School at the end of 1820. I carried 
with nie a small amount of Latin and no Greek. I do 
not think I was much the better for my small acquaint- 
ance with the dead languages. 

y the lime I was seventeen years old I had acquired a 
. "Gonsiderable amount of practical knowledge as to the use 
I'BDd handling of mechanical tools, and I desired to turn 
: account. I was able to construct working 
ijnodels of steam-engines and other apparatus required for 
^Bie illustration of mechanical subjects. I began with 
"toaking a small working steam-engine, for the purpose of 
aipinding the oil-colors used by my father in his artistic 
l^rprk. The result was quite satisfactory. Many persons 
; to see my active little steam-engine at work ; 
ley were so pleased with it that I received several orders 
!I workshop engines, and also for some models of 
Bam-engines to illustrate the subjects taught at Mechan- 
1' Institutions. 
I I contrived a sectional model of a complete condensbg 
eam-engine of the beam and parallel- motion construc- 
The model, as seen from one side, exhibited every 
temal detail in hill and due action when the fly-wheel. 
E moved round by hand ; while on the other, or sec- ■ 
il side, every detail of the interior was seen, with ti 
jj-valves and air-pump, as well as \.W i 
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tOD io the cyliader, with the constntctioD d 
I ihc stuffing-box, together with the slides 
U-pas&ages, all ti) due i>osition and relative moferaq 
9 R regular attendant at the Edinburgh School 
i from iSii to 1826, meanwhile inventing ona 
intrivances of various sorts. | 

i About the year 1837, when I was nineleen years d 
iubject of steam-carriages to run upon coraraon nj 
xupied considerable attention. Several engineers i 
knechanical schemere had tried their hands, but as yet 
mltstantial results had come of their attempts to solve: 
Like others, I tried my hand. Having madi 
all working model of a steam-carriage, I exhibited 
e the members of the Scottish Society of Arts. 
performance of this active little machine was so grati^ 
to the Society, tliat they requested me to construct oM 

ksuch power as to enable four or six persons 
Tej'ed along the ordinary roads. The membeis cil 
Society, in llieir individual capacity, subscribed i 
.^rfiich they placed in my hands, as the means of c«q 
out their project. 

I accordingly set to work at once. I had the I 
parts of the engine and carriage done at AndeiMn'il 
dry at I^ith. There was in Anderson's empio) 
most abie genera! mechanic, named Robert Mael 
who had served his time at Carraichael's, of Dundee. 
L.derson [lossessed some excellent tools, which en 
> proceed rapidly vrith the work. Besides, he 
iiendly, and look much delight in being conceraedij 
pterprise. This " big job " was executed 
[onths. The steam-carriage was completed 

1 before tVie ttvemhers of the Society of 
l«cessfu\ maXa weie maie -w^ "■*. -; 
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Road, near Edinburgh. The runs w«e generaUy of four 
or five miles, with a bad of eight passengers, ttittbg on 
benches about three feet from the ground. 

The experimenls were continued for nearly three mouthK, 
to the great salisfaclion of the members. 

The chief object of my ambition was now to be taken 
on at Henry Maudaley's works in London. I had heard 
so much of his engineering work, of his asHortraent of 
machine-malting tools, and of the admirable organiuition 
of his manufactory, that I longed to obtain emiiluyment 
there. But I was aware thai my father had not the means 
of paying the large premium requited for placing mc there, 
and I was also informed that Maudsley had ceased to take 
pupils, they caused him so much annoyance. My father 
and I went lo London ; and Mr. Maudsley received us in 
the most kind and frank manner, and courteously invited 
us to go round the works. When this was concluded I 
ventured to say to Mr. Maudsley that " I had brought up 
with me from Edinburgh some working models of steam- 
engines and mechanical drawings, and I should feel truly 
obliged if he would aQow me lo show them lo him." " By 
» all means," said he; "bring ihem to me to-morrow al 
twelve o'clock." I need not say how much pleased I 
^as at this permission to exhibit my handiwork, and how 
anxious I felt as to tlie result of Mr. Maudsley 's inspecdon 
- of it. 

1 carefully unpacked my working model of the steam- 
engine at the carpenter's shop, and had it conveyed, 
together with my drawings, on a handcart to Mr. Mauds- 
ley's, nest morning, at the appointed hour. I was allowed 
to place my work for his inspection in a room next his 
office and counting-house. I then called at his residence, 
close by., where he kindly received me in his library. ^,e^_ 
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asked roe to wait until he and his partner, Joshua Field, 
had inspected my handiwork. 

I waited anxiously. Tweuty long minutes passed. 
last he entered the room, and from a lively expression in 
his countenance I observed in a moment that the great 
object of my long- cherished ambition had been attained. 
He expressed, in good round terms, his satisfaction at my 
practical ability as a workman, engineer, and mechanical 
draughtsman. Then, opening the door which led ftora 
his library into his beautiful private workshop, he said, 
" This is where I wish you to work, beside me, as m 
assistant workman. From what I have seen there is n 
need of an apprenticeship in your case." 

One of his favorite maxims was, " First get a cUar notion 
of what you desire to accomplish, and then in all proba- 
bility you will succeed in doing it." Another was, " Keep 
a sharp lookout upon your materials ; get rid of every 
pound of material you can do without; put to yourself 
the question, ' What business has it to be there? 'avoid 
complexities, and make everything as simple as possible." 
Mr. Maudsley was full of quaint maxims and remarks, - 
tlie result of much shrewdness, keen observation, and great ■ 
experience. They were well worthy of being stored up ii 
the mind, like a set of proverbs, full of the life and ex- 
perience of men. His thoughts became compressed into 
pithy expressions exhibiting his force of character and 
intellect. His quaint remarks on my first visit to his 
workshop and on subsequent occasions proved to mc 
invaluable guides to "right thinking" in regard to all 
matters connected with mechanical structure- 
On the morning of Monday, May 30, 1829, I began 
my regular attendance at Mr. Maudsky's workshop, and 
remained with him until he died, Feb. 14, 1831. It b 
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very sad thing for me to lose my dear old master, who 
always treated me like a friend and companion. At his 
death I passed over into the service of his worthy partner, 
Joshua Field, mitil my twenty-third year, when I intended 
to begin business for myself. 

I first settled myself at Manchester, but afterwards 
established a large business outside of Manchester on the 
Bridgewater Caua!. In August, r836, the Bridgewater 
Foundry was in. complete and efficient action. The en- 
gine ordered at Londonderry was at once put in hand, 
and the concern was fairly started in its long career of 
prosperity. The wooden workshops had been erected 
upon the grass, but the greensward soon disappeared. 
, The hum of the driving-belts, the whirl of the machinery, 
^ktbe sound of the hammer upon the anvil, gave the place 
^K«n air of busy activity. As work increased, workmen 
^TiBiiItiplied. The workshops were enlarged. Wood gave 
l^.place to brick. Cottages for the accommodation of the 
people sprung up in the neighborhood, and what 
^liad once been a quiet grassy field became the centre of 
\'St. busy population. 
^ It was a source of vast enjoyment to me, while engaged 
tjjtt the anxious busmess connected with the establishment 
ii& the foundry, to be surrounded with so many objects 
a^ rural beauty. The site of the works being on the west 
.^Qi of Manchester, we had the benefit of breathing pure 
ig^ during the greater part of the year. The scenery 
i^QUnd about was very attractive. Exercise was a source 
{ health to the mind as well as the body. As it was 
lecessary that I should reside as near as possible to the 

Brks, I had plenty of opportunities for enjoying the rural 
nery of the neighborhood. I had the good fortune to 
Bne the tenant of a small cottage m 
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of Barton, in Cheshire, at the very moderate rental of fif- 
teen pounds a year. The cottage was situated on the 
banks of the river Irwell, and was only about six minutes' 
walk from the works at Patricroft. It suited my moderate 
domestic arrangements admirably. 

On June i6, 1840, a day of happy memory, I was mar- 
ried to Miss Anne Hartop. 

I was present at the opening of the Liverpool and Man- 
chester Railway, on Sept. 15, 1830. Every one knows 
the success of the undertaking. Railways became the 
rage. They were projected in every possible direction; 
and when made, locbomotives were required to work them. 
When George Stephenson was engaged in building his 
first locomotive, at Killing worth, he was greatly hampered, 
not only by the want of handy mechanics, but by the want 
of efficient tools. But he did the best that he could. 
His genius overcame difficulties. It was immensely to his 
credit that he should have so successfully completed his 
engines for the Stockton and Darlington, and afterward 
for the Liverpool and Manchester, Raihvay. 

Only a few years had passed, and self-acting tools were 
now enabled to complete, with precision and uniformity, 
machines that before had been deemed almost impracti- 
cable. In proportion to the rapid extension of railways 
the demand for locomotives became very great. As our 
maciiine tools were peculiarly adapted for turning out a 
large amount of first-class work, we directed our attention 
to this class of business. In the course of about ten years 
after the opening of the Liverpool and Manchester Rail- 
way, we executed considerable orders for locomotives for 
the London and Southampton, the Manchester and Leeds, 
and the Gloucester Railway Companies. 

The Great Western Railway Company invited us to 



tender for twenty of their very ponderous engines. They 
proposed a very tempting condition of the contract. It 
was that if, after a month's trial of the locomotives, their 
working proved sat sfa tory a p en u of ;£ioo was to 
be added to the pnce of ach e g ne and lender. The 
Jocotnotives were made and deli ered they ran tlie stipu- 
lated number of test m les bet een Loudon and Bristol in 
a. perfectly satisfactory ma ner an 1 we not only received 
the premium, but, what waa much more encouraging, we 
IBceived a special letter from the board of directors, stating 
their entire satisfaction with the performance of our en- 
gines, and desiring us to refer other contractors to them 
,9nth respect to the excellence of our workmanship. This 
testimonial was altogether spontaneous, and proved ex- 
itremely valuable in other quarters. ^ 

The date of the first sketch of my steam-hammer was 
Nov. 24, 1S39. It consisted of, first, a massive anvil, on 
"trhich to rest the work ; second, a block of iron consti- 
tuting the hammer, or blow-giving portion ; and, third, an 
■diverted steam cyUnder, to whose piston-rod the hammer- 
^lock was attached. All that was then requhed to pro- 
ice a most effective hammer, was simply to admit steam 
suiBeient presstire into tlie cylinder, so as to act on the 
itler side of the piston, and thus to raise the hammer- 
olock attached to the end of the piston-rod. By a very 
ip!e arrangement of a siide-valve under the control of 
attendant, the steam was allowed to escape, aod thus 
lit the massive block of iron rapidly to descend by its 
gravity upon the work then upon the anvil. 

by the more or less rapid manner in which the 

indant allowed the steam to enter or escape from the^ 

(Ujider, any required number or any intensity of h\av- 

be delivered. Their succession mi^x. \ie ■m'i&&.5 
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in an instant; the hammer might be arrested and sus- 
pended according to the -requirements of the work. The 
workman might thiis, as it were, think in blows. He 
might deal them out on to the ponderous glowing mass, 
and mould or knead it into the desired form as if it were 
a lump of clay, or pat it with gentie taps, according to his 
will or at the desire of the forgeman. 

Rude and rapidly sketched out as it was, this my first 
delineation of the steam-hammer will be found to com- 
prise all the essential elements of the invention. There 
was no want of orders when the valuable qualities of the 
steam-hammer came to be seen and experienced; soon 
after I had the opportunity of securing a patent for it in 
the United States, where it soon found its way into the 
principal iron-works of the country. As time passed by, 
I had furnished steam-hammers to the principal foundries 
in England, and had sent them abroad even to Russia. 



But the English Government is proverbially slow in rec- 
ognizing such improvements. It was not till years had 
passed by, that Mr. Nasmyth was asked to furnish ham- 
mers to government works. Then he was invited to apply 
them to pile-driving. He says : — 

My first order for my pile-driver was a source of great 
pleasure to me. It was for the construction of some great 
royal docks at Devonport. An immense portion of the 
shore of the Hamoaze had to be walled in so as to exclude 
the tide. 

When I arrived on the spot with my steam pile-driver, 

there was a great deal of curiosity in the dockyard as to 

the action of the new mac\v\we. T\v^ >^^^-^\\N\s^%\sad\ine- 
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men gave me a good-naturt-d clialicnge to vie with ihein 
in driving down a pile. They adojited the old method, 
while I adopted tlie new one. The resident mnnagen 
sought out two great pile logs of cijiial size and length,— 
seventy feet long and eighteen inches square, At a given 
signal we started together. I let in the steam, and the 
hammer at once began to work. The four-ton block 
showered down blows at the rate of eighty a minute, and 
in the course of Jbur nml a half minutes my pile was 
driven down to its requiretl depth. The men working at 
the ordinary machine had only begun to tlrivc. It took 
them upward of twelve hours to complete the driving of 
their pile 1 

Such a saving of time in the performance of similar 
worit — by steam versus manual labor — had never before 
been witnessed. The energetic action of the steam-ham- 
mer, sitting on the shoulders of the pile high up aloft, and 
following it suddenly down, the rapidly hammered blows 
keeping. time with the flashing out of the waste steam at 
the end of each stroke, was indeed a remarkable sight 
When my pile was driven the hammer-blotk and guide- 
case were speedily re-hoisted by the small engine that did 
all the laboring and locomotive work of the machine, the 
steam-hammer portion of which was then lowered on to 
the shoulders of the next pile in succession. Again it set 
to work. At tills the spectators, crowding about in boats, 
pronounced their approval in the usual British style of 
"Three cheers ! " My new pile-driver was thus acknowl- 
edged as anodier triumphant proof of the power of steam. 



In the course of the year 1843 it was necessary for r 
to make a journey to St. Petersburg, M.^ oti^ttO^. ■«^'; 
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endeavor to obtain an order for ^ portion of the locomo- 
tives required for working the line between th^t city and 
Moscow. The railway had been constructed under the 
engineership of Major Whistler, and it was shortly about 
to be opened. 

The Major gave me a frank and cordial reception, and 
informed me of the position of affairs. The Emperor, he 
said, was desirous of training a class of Russian mechanics 
to supply not only the locomotives, but to keep them 
constantly in repair. The locomotives must be made in 
Russia. I received, however, a Very large order for 
boilers and other detail parts of the Moscow machines. 

I enjoyed greatly my visit to St. Petersburg, and my 
return home through Stockholm and Copenhagen. 

Travelling one day in Sweden, the post-house where I was 
set down was an inn, although without a sign-board. The 
landlady was a bright, cheery, jolly woman. She could not 
speak a word of English, nor I a word of Dannemora Swed- 
ish. I was very thirsty and hungry, and wanted something 
to eat. How was I to communicate my wishes to the land- 
lady ? I resorted, as I often did, to the universal language 
of the pencil. I took out my sketch-book, and in a few 
minutes I made a drawing of a table with a dish of smok- 
ing meat upon it, a bottle and a glass, a knife and fork, a 
loaf, a salt-cellar, and a corkscrew. She looked at the 
drawing and gave a hearty laugh. She nodded pleasantly, 
showing that she clearly understood what I wanted. She 
asked me for the sketch, and went into the back garden 
to show it to her husband, who inspected it with great 
delight. I went out and looked about the place, which 
was very picturesque. After a short time the landlady 
came to the door and beckoned me in, and I found spread 
out on the table everything that I desired, — a broiled 
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, smoking hot from the gridiron, a bottle of capital 
p-brewed ale, and aU the el ceteras of an excellent 
I made use of my pencil in many other ways, 
[ways found that a sketch was as useful as a sentence. 
ides, it generally created a sympathy between me and 
mtertainers. 

t the Bridgewater Foundry had been so-fortunate as 
n for itself a considerable reputation for mechanical 
i, the workshops were always busy. They 
I crowded with machine tools in full action, and exhib- 
Lto all comers their effecliveness in the most satisfac- 
(■jnanner. Every facility was afforded to those who 
ted to see them at work ; and every machine and , 
feiiie tool that was turned out became in the hands 
ft employers the progenitor of a nnmerous family, 
idecd, on many occasions I had the gratification of 
y mechanical notions adopted by rival or com- 
■ve machine constructors, often without acknowledg- 
\i though, notwithstanding this point of honor, there 
pjtvom enough for all. Though the parent featiu-es 
e easily recognizable, I esteemed such plagiarisn 
t of left-handed compliment to their author, 

•ded them as a proof that I had hit the mark in so 

uiging my mechanical combinations aa to cause their 

leral adoption ; and many of them remain unaltered to 

|t3s day. 

■ 3My favorite pursuit, after my daily excursions at the ■ 
Uidry, was astronomy. I constructed for myself a 
>pe of considerable power, and, mounting my ten-inch 
rument, I began my survey of the heavers, I be- 
as a learner, and my learning grew with experience. < 
were the prominent stars, the planets, the 1 
- with thousands of far-off suns, — to \it ^acS 
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observations were at first merely general ; by degrees they 
became particular. I was not satisfied with enjoying these 
sights myself. I made my firiends and neighbors sharers 
in my pleasure, and some of them enjoyed the wonders of 
the heavens as much as I did. 

In my early use of the telescope I had fitted the specu- 
lum into a light square tube of deal, to which the eyepiece 
was attached, so as to have all the essential parts of the 
telescope combined together in the most simple and port- 
able form. I had often to move it fi-om place to place in my 
small garden at the side of the Bridgewater Canal, in order 
to get it clear of the trees and branches which intercepted 
some object in the heavens which I wished to see. . How 
eager and enthusiastic I was in those days ! Sometimes I 
got out of bed in the clear small hgurs of the morning, 
and went down to the garden in my night-shirt. I would 
take the telescope in my arms and plant it in some suit- 
able spot, where I might take a peep at some special planet 
or star then above the horizon. 

It became bruited about that a ghost was seen at Patri- 
croft ! A barge was silently gliding along the canal near 
midnight, when the boatman suddenly saw a figure in white. 
" It moved among the trees, with a coffin in its arms ! " 
The apparition was so sudden and strange that he imme- 
diately concluded that it was a ghost. The weird sight 
was reported all along the canal, and also at Wolverhamp- 
ton, which was the boatman's headquarters. He told the 
people at Patricroft, on his return journey, what he had 
seen ; and great was the excitement produced. The place 
was haunted ; there was no doubt about it ! After all, the 
rumor was founded on fact; for the ghost was merely 
myself in my night-shirt, and the coffin was my telescope, 
which I was quietly shifting from one place to another. 
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in order to get a cicaier sight of the heavens at mid- 
nigbt. 

I had been for some Umc contemplating the possibility 
of retiring altogether from business. I had gi>l cnoiigh of 
the world's goods, and was willing to make way for younger 
men. 

Many long years of pleasant toil and exertion had done 
their work. A full momentum of prosperity had Iwen 
given to my engineering business at Patricrofi. My share 
in the financial results accumulated, with accelerated ra- 
pidity, to an amount far beyond my most sanguine hopes. 
But. finding, from long-continued and int-essant mental 
efforts, that my nervous system was beginning to become 
shaken, especially in regard to an affection of the eyes, 
ifhich in some respects damaged my sight, I thought the 
time had arrived for me to retire from commercial life. 

Behold us, then, settled down at Hammerfield for life. 
We had plenty to do. My workshop was fully equipped. 
My hobbies were there, and I could work them to my 
heart's content. The walls of our various rooms were 
soon hung wiUi pictures and other works of art, suggestive 
of many pleasant associations of former days. Our library 
bookcase was crowded with old friends in the sliape of 
books that had been read and re-read many times, until 
they had almost become part of ourselves. Old Lan- 
cashire friends made their way to ns when " up in town," 
and expressed themselves delighted with our pleasant 
house and its beautiful surroundings, 

I was only forty-eight years old, which may be consid- 
ered the prime of life. But I had plenty of hobbies, per- 
haps the chief of which was astronomy. No sooner had I 
settled at Hammerfield than 1 had my telescopes brought 
out and. mounted. The fine, clear skies with which we 
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were favored furnished me with abundant opportunities 
for the use of my instruments. I began again my investi- 
gations on the sun and the moon, and made some original 
discoveries. 

It is time to come to an end of my recollections. I 
have endeavored to give a brief resume of my life and 
labors. I hope they may prove interesting "as well as 
useful to others. Thanks to a good constitution and a 
frame invigorated by work, I continue to lead, with my 
dear wife, a happy life. 



XIII. 



SIR HENRY BESSEMER. 



THE AGE OF STEEL. 

'intervals of the reading meetings so many of ihe 
children's afternoons with Uncle Fritz had been 
taken up with excursions lo see machinery at work, that 
their next meeting at the Oliver House was, as it proved, 
the last for the winter. 

They had gone to the pumping-station of the water- 
works, and had seen Ihe noiseless work of the great steam- 
engine there. They had gone to the ^tna Mills at 
Watertown,an(l with the eye of the flesh had seen "rovers " 
and shuttles, and had been taught what " slobbers " are. 
They had gone to Waltham, and had been taught some- 
thing of the marvellous skill and delicacy expended on the 
maJiufacture of watches. They had gone to Rand and 
Avery's printing-house ; and here they not only saw the 
proces-ses of printing, but they saw steam power "con- 
verted " into electricity. They had gone to the Loco- 
motive Factory in Albany Street, and understood, much 
better than before, the inventions of George Stephenson. 
under the lead of the foremen in the shops, who had 
been very kind to them. 

On their last meeting Uncle Fritz reminded them of 
jsomelhijj^' which one of these Ben-lit'Oiai \iaA N».\\^ 
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Uiem about the qualities of steel and iron ; and agaJo of 
what ihey had seen of steel-springs at ^Valtham, wht 
they saw how the Iwknces of watches are arranged. 

" Some bright person has called our lime ' the Age 
Steel,' " he saifl. " You know Ovid's division was ' the 
Age of Gold, the Age of Silver, the Age of Brass, the Age 
of Iron.' And Ovid, who was in low spirits, thought the 
Age of Iron was the woret of all. Now, we begin to im- 
prove if we have entered the Age of Steel ;■ for steel ie^ 
poetically speaking, glorified iron, ~ 

" Now the person to whom we owe it, that, in practice 
we can build steel ships to-day where we once built iron 
ships, and fay steel rails to-day where even Stephenson! 
was satisfied with iron, is Sir Henry Bessemer. Th^ 
Queen knighted him in recognition of the service he had 
rendered to the world by his improvements in the pr* 
cesses of turning iron into steeU 

" It is impossible to estimate the addition which thea^ 
improvements have made to the pliysical power of the' 
world. I have not the most recent figures, but look a^ 
this," said Uncle Fritz. And he gave to John to rea4 
from a Life of Sir Henry Bessemer : — 

" Prior to this invention the entire production of 
steel in Great Britain was only about fifty thousand tons 
annuaEy ; and its average price, which ranged from ^50 
to ^Soo, prohibited its use for many of the purposes to 
which it is now universally applied. After the invention, 
in the year 1877, the Bessemer steel produced in Great 
Britain alone amounted to 750,000 tons, or fifteen timej 
the total of the former method of manufacture, while the 
selling price averaged only ^£"10 per ton, and the coal 
consumed in producing it wa,s less by 3,500,000 tons than 
Id have been Tet\™e4. to otiss vo -^a^^ ■>&& 



quaiity of steel by the old, or Sheffield, process. The total 
reduction of cost is equal lo about jf^3o,ooo,ooo sterling 
upon the quantity manufactured in England during the 
year." 

The same book goes on to show that in other nations 
;;^30,ooo.ooo worth of Bessemer steel was produced in 
the same year. 

"Vou see," said Uncle Fritx, "that here is an addition 
to the real wealth of the world such as makes any average 
feiry story about diamonds and rubies rather ciieap and 
contemptible. 

" Vou will like Sir Henry Bessemer, Hester, because he 
was happily trained and had good chances when he was 
a boy. And you will be amused to see how his bright 
wife was brighter than all the interna! -revenue people. 
She was so bright that she lost him the appointment 
which had enabled him to marry her. But I think he 
says somewhere, widi a good deal of pride, that but for 
that misfortune, and the injustice which accompanied it, 
he should have probably never made his great inven- 
tions. It is one more piece of ' Partial evil, — universal 
good.' " 

Then the children, with Uncle Fritz's aid, began picking 
out what they called the plums from the accounts he 
showed them of Sir Henry Bessemer's life. 



BESSEMER'S FAMILY. 

At the time of the great Revolution of 1792 there was 
employed in the French mint a man of great ingenuity, 
who had become a member of the French Acads.TO.1 q^ 
Sciences at the age of twenly-five. W'Ve^ '^jiotwjw.T^t;, 
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became Dictator of France, this scientific academician vi 
iTansferred from the mint to the management of a publi< 
bakery, established for the purpose of suppljing the popU 
lace of Paris with bread. In that position he soon became 
the object of revolutionary frenzy. One day a 
set afloat that the loaves supplied were light in weightj 
and, spreading like wildfire, it was made the occasion of 9 
fearful tumult. The manager of tlie bakery was instantlj 
sciaed and cast into prison. He succeeded in escaping) 
but it was at the peril of his life. Knowing the peril hfl 
was in, he lost no time in making his way to Englandj 
and he only succeeded in doing so by adroitly using some 
documtiits he possessed bearing the signature of the Dic- 
tator. Landing in Engkind a ruined man, his talents si 
proved a passport to success. He was appointed t 
position in the English mint ; and by the exercise of hi* 
ingenuity in other directions, he ere long acquired suffi- 
cient means to buy a small estate at Charlton, in Hert- 
fordshire. Such, in brief, were the circumstances that led 
to the settlement tliere of Anthony Bessemer, the fathof 
of Sir Heary Bessemer. The latter may be said to have 
been bom an inventor. His father was an inventor before 
him. After settling in England, his inventive ingenuity 
was displayed in making improvements in microscopes 
and in type -founding, and in the discovery of what his 
son has happily described as the true alchemy. The 
latter discovery, which he made about the beginning of 
the present century, was a source of considerable profit to 
him. It is generally known that when gold articles are; 
made by the jewellers, there are various discolorations left 
on their surface by the process of manufacture ; and nj 
order to clear iheii surface, they are put into a solution 
o/aluin, salt, and sa\tpetIe,■M^^\l;V&%yiNe=a.^^I^'a; 
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of the copper ihal is used as an olluy. Anthony Bessemer 
diacovered thai this powerful acid no! only dbsolved the 
copper, but also dissolved a quantity of gold. He accord- 
ingly began to buy up this liquor ; antl as he was ihe only 
DDejvho knew that it contained gold in solution, he bad 
no difficulty in arranging for the purchase of it from all 
the manufacturers in London, From tlial liquor he suc- 
ceeded in extracting gold in considerable quantities for 
many years. By some means that he kept secret (and 
die secret died with him), he deposited the panicles of 
gold on the shavings of another metal, which, being after- 
wards melted, left the pure gold in small c[uanlities. 
Thirty years afterward the Messrs. Elkington invented the 
dectroiype process, which had the same eflett. Anthony 
Bessemer was also eminently successful as a type-founder. 
When in France, before the Revolution of 1792, he cut a 
great many founts of type for Messrs. Firmin Didot, the 
celebrated French type-founders ; and after his return to 
England he betook himself, as a diversion, to type-cutting 
for Mr. Henry Caslon, the celebrated English type-founder. 
He engraved an entire series, from pica to diamond, — a 
work which occupied several years. The success of these 
types led to the establishment of the firm of Bessemer 
and Catherwood as type-founders, carrj-jng on business at 
Chariton. 'l"he great improvement which Anthony Besse- 
mer introduced into the art of type-making was not so 
much in the engraving as in the composition of the metal. 
He discovered that an alloy of copper, tin, and bismuth 
was the most durable melal for type ; and the working of 
this discovery was very successful in his hands. The 
secret of his success, however, he kept unknown to the 
trade. He knew that if it were suspected that the supe- 
riority of his fype consisted in the comv'*^^'^'*-'^^ "^^ '^'^ 
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metal, analysis would reveal it, and others would then be 
able to compete with him. So, to divert attention from 
the real cause, he p>ointed out to the trade that the shape 
of his type was different, as the angle at which all the 
lines were produced from the surface was more obtuee in 
his type than in those of other manufacturers, at the same 
time contending that his type would wear longer. Other 
manufacturers ridiculed this account of Bessemer's type, 
but experience showed that it lasted nearly twice as long 
as other type. The business flourished for a dozen years 
under his direction, and during that period the real cause 
of its success was kept a secret. The process has since 
been re-discovered and patented. Such were some of the 
inventive efforts of the father of one of the greatest inven- 
tors of the present age. 



HENRY BESSEMER. 

The youngest son of Anthony Bessemer, Henry, was 
born at Charlton, in Hertfordshire, in 18 13. His boy- 
hood was spent in his native village ; and while receiving 
the rudiments of an ordinary education in the neighboring 
town of Hitchin, the leisure and retirement of rural life 
afforded ample time, though perhaps little inducement, 
for the display of the natural bent of his mind. Not^vith- 
standing his scanty and imperfect mechanical appliances, 
his early years were devoted to the cultivation of his 
inventive faculties. His parents encouraged him in his 
youthful efforts. 

At the age of eighteen he came to London, " knowing 

no onCj^^ he says, " and myself unknown, — a mere cipher 

in a vast sea of human exvlex^m^'' Yl^\^\\fc ^^\Ve.das 
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a iRodeller and designer with encouraging success. He 
engraved a large number of elegant and original designs 
on steel, with a diamond point, for patent- medicine labels. 
He got pkuty of Ihis sort of work to do, and was well 
I paid for it. In his boyhood his Civorite amusement was 
the modelling of objects in clay ; and even in this primi- 
tive school of genius he worked with so much success 
tliat aithe age of nineteen he exhibited one of his beauli- 
fcl models at the Royal Academy, then held at Somerset 
House. 

STAMPED PAPER. 

Thus he soon began to make his way in the metropo- 
lis ; and in the coiuse of the following year he was matur- 
ing some plans in connection with the production of 
Stamps which he sanguinely hoped woidd lead him on to 
fortune. At that time the old forms of stamps were in 
use that had been employed since the days of Queen 
Anne ; and as they were easily transferred from old deeds 
to new ones, the Gow;mment lost a large amount animally 
by this surreptitious use of old stamps instead of new 
ones. The ordinary impressed or embossed stamps, such 
as are now ejnployed on bills of exchange, or impressed 
directly on skins or parchment, were liable to be entirely 
obliterated if exposed for some mondis to a damp atmos- 
phere. A deed so exposed would at last appear as if 
unstamped, and would therefore become invalid. Special 
precautions were therefore observed in order to prevent 
the practice to gura small pieces of 
per on the parchment ; and, to render it still more 
a strip of metal foil was passed through it, awd 
another .inis.!l piece of paper with l\^e puuXei \\\\'Ci2l& c^ 
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the sovereign was gummed over the loose end of the foil at 
the back. The stamp was then impressed on the blQo 
pai>er, which, unlike parchment, is incapable of losing the 
impression by exposure to a damp atmosphere. Expo 
rience showed, however, that by placing a little piece o 
moistened blotting-paper for a few hours over the paper^ 
the gum became so softened that the two pieces of papej 
and the slip of foil could be easily removed from aa old 
deed and then used for a new one. In this way stamps 
could be used a second and third time ; and by thus utiliz-v 
ing the expensive stamps on old deeds of partnerships that 
were dissolved, or leases that were expired, the public 
revenue lost thousands of pounds every year. Sir Charles 
Persley, of tlie Stamp Office, told Sir Henry Bessemer 
that the Government were probably defrauded of j^'ioc 
per annum in that way. Tlie young inventor at one 
to work, for the express purpose of devising a stamp that 
could not be used twice. His first discovery was a mod^ 
by which he could have reproduced easily and cheaply; 
thousands of stamps of any pattern, "The facility," 
says, " with which I could make a permanent die from s 
thin paper original, capable of producing a thousand 
copies, would have opened a wide door for successful 
frauds if my process had been known to unscrupulous 
persons ; for there is not a government stamp or a paper 
seal of a corporate body that every common office clerk 
could not forge in a few minutes at the office of hia 
employer or at his own home. The production of such 
a die from a common paper stamp is a work of only 
ten minutes ; the materials cost less than one penny ; 
sort of technical skill is necessary, and a common copying- 
press or a letter stamp yields most successful copies.'* 
To this day a successtvA Iots,w ^^aa vn eMv^^wj %. ^tUful 
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) make a good imitation in steel of the docu- 

: wLshea to forge ; but if such a method as that 

svered and described by Sir Henry Bessemer were 

1, what a prospect it would open up ! Appalled at 

is effect which the commtmication of such a process 

Bd have had upon the business of the Stamp Office, 

ftcarefuUy kept the knowledge of it to himselfj and to 

' it remains a profound secret. 

than ever impressed with the necessity for an 

jved form of stamp, and conscioi;s of his own capa- 

I produce it, he labored for some months to 

ipiish his objeet, feeling sure that, if successful, 

. be amply rewarded by the Government. To 

: the secrecy of \\\i experiments, he worked at them 

5 the night, after his ordinary business of the 

ras over. He succeeded at last in making a stamp 

. obviated the great objection to the then ejust- 

m, inasmuch as it would be impossible to trans- 

; from one deed to another, to obliterate it by 

ir to take an impression from it capable of 

[ucing a duplicate. Flushed with success and confi- 

; of the reward of his labors, he waited upon Sir 

3 Persley at Somerset House, and showed him, by 

JUS proofs, how easily all the then existing stamps 

d be forged, and his new invention to prevent forgery. 

who was much astonished at the one inven- 

1 and pleased with the other, asked Bessemer to call 

a few days. At the second interview Sir Charles 

ted him lo work out the principle of the new stamping 

mtion more fully. Accordingly Bessemer devoted five 

six weeks' more labor to the perfecting of his stamp, 

I which the Stamp Office aut.honUe'i -wwe ■(vw 

'The design, as described b-^ \Ve msernxot,- 
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^^^Wicubr, olwut two and a half iaches in (tiameiet, i 
I eaBSi9ti.->l o( a garter with a motto in capita! Itlta 

sumioanied by a crown. Within the garter was a shiel 
I aod ibc garter was filled witli network in imitation > 

I kce. The die was executed in steel, which pierced Ui 

. parchment with more than four hundred holes ; and tt 

'. hnlca formed the stamp. It is by a similar process ttv 

^^K'valeuiine makei^ have since learned to male the | 
^^H|Bted paper used in their trade. Such a stamp re 
^H^iD the objeclioiis to the old one. So pleased w 
^" ■ Charles with it that he recommended it to Lord ;\llho^ 
and it was soon adopted by the Stamp Office. At i 
time Sir Henrj- was asked whether he would In 
sati^ified with the position of Superintendent of S 

jC 500 or ;£^6oo per .annum, as compensation il 
ihb invention, instead of a sum of money from the ti 
nry. This appointment he gladly agreed to accqrtjfti 
being engaged to be married at the tira 
fumre position in life was settled. Shortly afterwards m 
called on the young lady to whom he was engaged, a 
communicated the glad tidings to her, at the same li 
showing her the design of his new stamp. On expUiiiifl 
to her that its chief v-irtue was that the new siampi ^ 
produced could not, lite the old ones, be frao 
used tvrice or thrice, she instantly suggested ihllJ 
stamps had a date put upon them they could iwltefi 
at a futtire time without detection. The idea waSB 
him i and, impressed with its practical cliaracter, b 
coiicei%Td a plan for the insertion of movable dal 
of his stamp. The method by which this is n 
well known to require description here ; 
en.'o'aa. "^Aajraisf, worked 4 
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more simple and more easily workct! Ihan his elalwrate 
die for perforating stamps; but he also san- that ir he 
disclosed his latest invention it might interfere with his 
settled prospects in connection with the carrying out of 
his first one. It was not without regret, too, that he saw 
the results of many months of toil and the experimejits 
of maiiy lonely nights at once superseded ; bat his con- 
victicHi of the superiority of his latest design was so strong, 
and his own sense of honor and his confidence in that of 
flie Government was so unsuspecting, that he Iwldly went 
and placed the whole matter before Sir Charles Persley. 
Of course the new design was preferred- Sir Charles truly 
observed that with this new plan all the old dies, old 
presses, and old workmen could be employed. Among 
the other advantages it presented to the Government, it 
did not fail to strike Sir Charles tliat no Superintendent 
of Stamps would now be necessary, — a recommendalion 
which the perforated die did not possess. The Slatnp 
Office therefore abandoned the ingenuous and ingenious 
inventor. The old stamps were called in, and the new 
ones issued in a few weeks ; the revenue from stamps 
grew enormously, and forged or feloniously used stamps 
are now almost unheard of. The Stamp Office reaped 
a benefit which it is scarcely possible to estimate fully, 
while Bessemer did not receive a farthing. Shortly after 
the new stamp was adopted by Act of Parliament, Lord 
Ahhorp resigned, and his successors disclaimed all liability. 
When the disappointed inventor pressed his claim, he was 
met by all sorts of half-promises and excuses, which ended 
in nothing. The disappointment was all the more galling 
because, if Bessemer had stuck to his first-adopted plan, 
■dbis services would have been indispensable to its esetii- 
IB^Band it was therefore thioug^ Uis, ^mV-wcv^ ^ \«>Skx 
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anil more easily worked plan before them that his se^ 
vices were coolly ignored. " I had no patent to fall bai 
upon." he says, in describing the incident afterward. " 
could not go to law, even if I wished to do so ; for I w. 
reminded, when pressing for mere money out of pockeH 
Ihat I had done all the work voluntarily and of my owi 
accord. Wearied and disgusted, I at last ceased to wasb 
lime in calling at the Stainp Office, — for time was pro 
cious to me in those days, — and I felt that nothing bu 
increased exertions could make up for the loss of somi 
nine months of toil and expenditure. Thus sad and dis' 
pirited, and with a burning sense of injustice overpower- 
ing all other feelings, I went my way Irom the Stamf 
Office, too proud to ask as a favor that which was indubi- 
tably my right." 



GOLD PAINT. 

Shortly after he had taken out his first patent for his 
improvement in type- founding, his attention was acciden- 
tally turned lo the manufacture of bronze powder, which 
is used in gold-work, japanning, gold -printing, and simila) 
operations. While engaged in ornamenting a vignette ii 
his sister's album, he had to purchase a small quantity of thOj 
bronze, and was struck with tlie great difference between 
the price of the raw material and that of the manufactured 
article. The latter sold for 1 1 ar. a pound, while the raw 
material only cost i id. a pound. He concluded that the 
difference was caused by the process of manufacttiref 
and made inquuies with the view of learning the nature 
oi the process. He found, however, that this manufao* 

■ ivas hardly known \n tTv^Tii. "tw. ■^ac-itVa. -bw 



supplied to Engli§h dealers froin Naremberg and other 
towns in Germany. He did not succeed, thcfcfotc. In 
finding any one who could tell him how tt was prwlnced. 
Id these circumstances he determined to try to make it 
himself, and worked for a year and a half at (he solution 
of this task. Other men had tried it and failed, and he 
was on the point of failing too. After eighteen months of 
&ui(less labor he came to the conclusion that he could not 
make it, and gave it up. But it is the highest aitrihule of 
genius to succeed where others fail, and, impelled by this 
instinct, he resumed his investigations after six months' 
repose. At last success crowned his efforts. The prolils 
of his previous inventions now suppUed him with funds 
sufficient to provide the mechanical appliances he liad 
designed. 

Knowing very little of the patent law, and considering 
it so insecure that the safest way to reap the full benefit of 
his new invention was to keep it to himself, he determined 
to work his process of bronze-making in strict secrecy ; and 
every precaution was therefore adopted for this purpose. 
He first put up a small apparatus with his own hands, and 
worked it entirely himself. By this means he produced 
the required article at 4J. a pound. He then sent out a 
traveller with samples of it, and the first order he got was 
at 80*. a pound. Being thus fully assured of success, he 
communicated his plans to a friend, who agreed to put 
^£■10,000 into the business, as a sleeping partner, in order 
to work the new manufacture on a larger scale. The entire 
working of the concern was left in the hands of Sir Henry, 
who accordingly proceeded to enlarge his means of pro- 
duction. To insure secrecy, he made plans of all the 
machinery required, and then divided them \nt.a ?a«ia'&=,. 
He next sent these sectional draNvmgs vo S\5e\e.v4. ews-- 




lEtants in whom he had coniide 
igh wages od condition that the] 
strictest secrecy. Bronze powde 
laige quantities by means of fiv 
which not only superseded hand 
capable of producing as much 
operatives could do by the old h 

To this day the mechanical lacH 
gold paint is produced remains 
is driven by a steam-engine in 
into the room where the autoraati 
none but the inventor and his assis 
When a sufficient quantity of wor 
to give notice to the engine-man to 
this way the machinery has been 
forty years without having been eil] 
Its profit was as great as its suc( 
1,000 per cent profit ; and thong 
ducts thai now compete with this 
300 per cent profit. " All this tii 
in^'entor thirty years afterward, " I 
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five Tnarhfrys I ist.thr?* zTt zr.':*L*rs^ut z: :c*ir Trvjs.-^-^^ 
one to cxAoT'Zmkiztz tsgifiuLl-; s: njii 5c ^vr r«c*-:\- 
standing tbe verr- exciilic::!:! zuiici't vi^u^ I iir.* ; r".Tj: 
the Tnannfartnre. I hai zoir zstLr:- i:*i i'i -7 ::i. r/^ji ::» 
throw it open and inikt n z^zlL*:^ 3:r ii-:: j'-rrcsi :■:" j^r-c 
part of my inrentSo:: frc :b* z:^iz,z^zz.tz ::' vjv:-:^ 7>.riv* 
out of my five assiswuts h^v* di-ri ; iJii ::' :>xj v::>.ir :*v 
were to die and myself :cc. no co-e wj^.i kr.o*- w'.v.: :>.<: 
invention is." Since tris was s^sii ,Iz iS^i .Sir Hcr.rv- 
has rewarded the faithf-laess of his rao sur.-\:n^ .".s>:>:^::5 
by handing over to them the br.sriess and the uc;or}\ 



BESSEMER STEEL. 

Sir Henry Bessemer was first led to turn his attention 
to the improvement of the manufacture of iron hv a ro- 
mark of Commander Minie, who was supcrintomling cer- 
tain trials of the results of Sir Henr)'*s cxporinionts in 
obtaining rotation of shot fired from a smooih-horc f;un. 
"The shots," said Minie, "rotate properly; but if you 
cannot get stronger metal for your guns, such heavy pro- 
jectiles will be of little use." 

At this time Sir Henry had no connection with the iron 
or steel trade, and knew little or nothing of in<'l;illiir^y. 
But this fact he has always represented as heiiiK r.ilhcr iin 
advantage than a drawback. " I find," he H.iyK, " in my 
experience with regard to inventions, that the ni(;Kt intrllj. 
gent manufacturers invent many small itnpr(;veuH'n|!» in 
various departments of their mannfactiiren, — but, ^fvui-i 
ally speaking, these are only small amelioraliorm ba.t»<vl nu 
the nature of the ofx:ration they arc daily ^»iiri%Mittv,\ ^^n<^^' , 
on tbe contrary, persons wholly unc^)\\iu:< UlA W\\\\ '.wv^ y^^ 
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ticular business have their minds so free and untrammelled 
to new things as they are, and as they would present them- 
selves to an independent observer, that they are the men 
who eventually produce the greatest changes." It was in 
this spirit that he began his investigations in metallurgy. 
His first business was to make himself acquainted with the 
information contained in the best works then published 
on the subject. He also endeayored to add some practi- 
cal knowledge to what he learned from books. With this 
view he visited the iron-making districts in the north^ and 
there obtained an insight into the working merits and 
defects of the processes then in use. On his return to 
London he arranged for the use of an old factory in St 
Pancras, where he began his own series of experiments. 
He converted the factory into a small experimental " iron- 
works," in which his first object was to improve the qual- 
ity of iron. For this purpose he made many costly 
experiments without the desired measure of success, but 
not without making some progress in. the right direction. 
After twelve months spent in these experiments he pro- 
duced an improved quality of cast iron, which was almost 
as white as steel, and was both tougher and stronger than 
the best cast iron then used for ordnance. Of this metal 
he cast a small model gun, which was turned and bored. 
This gun he took to Paris, and presented it personally to 
the Emperor,^ as the result of his labors thus far. His 
Majesty encouraged him to continue his experiments, and 
desired to be further informed of the results. 

As Sir Henry continued his labors, he extended their 
scope from the production of refined iron to that of steel ; 

^ Napoleon III,, under whose protection Bessemer had been experi- 
menting in projectiles 'w\\eri\\v«. ia.\Xttv'^vQtvNMj&\.\vtwsA\.o tVva manufacture of 

iron. 



^^^^^■1^ THE FIRST BAR. 

XA in order to protect himself, he took out a patent for 

pcb successive improvement. One idea after another 

9s put to the test of experiment ; one fiimace after an- 

»er was pulled down, and numergus mechanical appli- 

Kes were designed and tried in practice. During these 

;ents he specified a multitude of improvements in 

crucible process of making steel ; but he still felt that 

ich remained to be done. At die end of eighteen 

mtiis, he says, ■' the idea struck me " of rendering cast 

malleable by the introduction of atmospheric air into 

t;fluid metal. His first experiment to teat this idea was 

1^ in a crucible in the laboratory. He there found 

(4))' blowing air into the molten metal in the crucible, 

;ans of a movable blow-pipe, he could convert ten 

is- or twelve pounds of crude iron into the softest 

ible iron. The samples thus produced were so sat- 

iory in aU their mechanical tests that he brought them 

of Colonel Eardley Wdmot, then the 

grintendent of the Royal Gun Factories, who expressed 

lelf delighted and astonished at the result, and who 

ed him facilities for ex])eTi men ting in Woolwich Arse- 

^ These facilities were extended to him in the labora- 

;by Professor Abel, who made numberless analyses of 

tfjaterial as he advanced with his experiments. The 

1^ department was also put at his disposal, for testing 

lensile strength and elasticity of different samples of 

rmalleable iron and steel. The first piece that was 

Id at Woolwich was preser\'ed by Sir Henry as a me- 

jto. It was a small bar of metal, about a foot long 

an inch wide, and was converted from a state of pig i 

a cmcible of only ten pounds. That small piece J 

after being rolled, was tried, to sec Vio« Vm ■-s.-«aa \ 

of welding} and he was suipiisei vo ^^^ '^'='"" 




D of pore son laalleablt; in 
; a temperaiure that he coi 
I these cooditkiDS. la order 
s at meal in thss way, one c 
tffif die air to the motien irgn in 
in^, ID October, 1355, he took c 
tbts Hiea. He proposed to erect i 
««fa openh^ for the reception of : 
fliud iron, and [lipes were inade t 
centre of each pot, and to force it 
metaL Haviog thus tested the ] 
air nitiodaced inio the melttng iri 
lor three months io trying to oii-i< 
di&oUtMa expeoenced in this cor 
He wondered arhether it wookl a 
pease viih the pipe and pots, a 
nc liir^ circular or e, 
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mperature required to maintain the iron in a state of flu- 

ity while the impurities were being bumed out, he deter- 

[ned to put it to a working test ; and on recovering health 

; immediately began to design apparatus for this pur- 

toe. He coiistructed a circular vessel, measuring three 

R in diameter and five feet in height, and capable of 

■ding seven hundred-weight of iron. He next ordered 

Bttoall, powerful air-engine and a quantity of crude iron 

&>e put down on the premises in St. Pancras, that he 

S. hired for carrying on his experiments. The name 

tftese premises was Baxter House, formerly the resi- 

of old Richard Baxter j and the simple experiment 

Stte now going to describe has made that house more 

than ever. The primitive apparatus being ready, 

edgine was made to force streams of air, under high 

lure, through the bottom of the vessel, which was 

J with fire-clay; and the stoker was told to pour die 

ll, when it was suflliciently melted, in at the top of it. 

. plate — one of those lids which commonly 

the coal-holes in the pavement — was hung over the 

'crter; and all being got ready, the stoker in some 

nt poured in the metal. Instantly oiit came a 

lie eruption of such dazzling coruscations as had 

been seen before. The dangling pot-lid dissolved 

gleaming volume of flame, and the chain by which 

grew red and then white, as the various stages of 

Iprocess were unfolded to the gaze of the wondering 

" itors. The air-cock to regulate the blast was beside 

Miverting-vessel ; but no one dared to go near it, 

less deliberately to shut it. In this dilemma, how- 

i, they were soon relieved by finding that the process 

bcarburization or combustion had en.^^&e& :s& "*s. 

[",- and, most wonderful of all, the tcsu\l vs^a ^ve^' 
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le new melal was tried. Its quality was good. ' 
prnljlem was solved. The new process appe; 
1, The inventor was elated, as well he might be 1 
The new process was received with astonishment b 
e iron-working world. It was approved by many. 
scoffed at by others. As trials went on, howero; 
feeling against it increased. The iron so made wa 
•■ rotten," and no one could tell, exactly why. 

Bessemer, however, continued to investigate eve 
for himself, regardless of all suggestions. Some i( 
'permanent value were offered to him, but were s 
nought. It was not till anoiiier series of indeperf 
experiments were made that he himself discovod i 
secret of failure. It then appeared that, by mere di 
the iron used in his first experiments was BkeiBVM ] 
which is exceptionally free from phosphorus ; and * 
aequently, when other sorts of iron were thrown al 
into the converter, the phosphorus manifested its iB 
tory nature in the unworkable character of the mew] 
duced. Analyses made by Professor Abel fotSirB 
showed that this was the real cause of failure. Ono 
vinced of this fact. Sir Henry set to work for the f 
of removing this hosrile element. He saw how [iHfl 
rus was removed in the puddling- furnace, and km 
tried to do the same thing in his converter, M 
series of costly and laborious experiments «»■ 
ducted ; and first one patent and then another •"( 
out, tried, and abandoned. His last idea was K^ 
|ressel in which the converting process did noi ^U 
kit into whidi he could put the pig iron as sOcnHfl 
fce^ed, a\oti^vrith the same kind of materiiJs ftj 
Esed TO <hc ■pM.iOX\ti?,-WTQa)^- "^t .«!a tb^!||^| 
Khat he tniial come aa ti^ot \k. v^«>.&asi^^^^B 
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order to gel the phosphorus out of the iron. Jost as he 
was preparing to put ihb plan into otieration, there arrived 
in EoglAnd some pig iron which he had ordered from 
Sweden some months iirevioosly. When this iron, which 
was free from phosphorus, was put into the converter, it 
yielded, in the very first experiment, a rncial of so' high a. 
quality that he at once abandoned his efforts to dephos- 
phoriEC ordinary iron. The Sheffield manufacturers were 
,tbeD selling steel at ^60 a ton ; and he thought that as 
Jie could buy pig iron at JQ^ a. ton, and by blowing it a 
kw minutes in the converter could make it into what was 
.being sold at such a high price, die problem was solved. 

But there was yet one thing wanting. He had now 
succeeded in producing the purest malleable iron ever 
made, and that, too, by a quicker and less expensive 
process than was ever known before. But what he wanted 
was to make steel The former is iron in its greatest 
possible purity ; the latter is pure iron containing a small 
percentage of carbon to harden it. There has been an 
almost endless controversy in trying to make a definition 
that will fix the dividing line that separates the one metal 
from the other.' 

For our present purpose, suffice it to quote the account 
given in a popular treatise on metallurgy, published at the 
time when Bessemer was in the midst of his experiments. 

1 In Griiner'i text-book on steel, he sajs : " In its properties, as wdl u 
In its nunufacture, strel is comprised between the limits oE cast and 
wrought iion. 11 cannot even he said where steel begins or ends. It Is 1 
Kiiea wliich begins with the most impure black pig iron, and ends with the 
softest and purest wcaughl iron. [Kaisten stated this in Chebe words In 
1813.] Ca!t iron passes into*ard ated in becoming malleable (natural 
■Msl for wire-mills, the ' Wildslahl ' of the Germans ) ; and steek properly 
M BftlUd, passes inio u-on, giving m succ««on mild sted, iJsrii si *«. 
nalu/C of iron, steely iron, and gianuW iion." 
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"Wrought iron," it says, "or soft iron, may contain d 
carbon ; and if perfectly pure, would contain none, m 
indeed any oiher impurity. This is a state to be desired 
and aimed at, bul it has never yet been perfectly attained 
in practice. The best as well as the commonest foreigrt 
irons always contain more or less carbon. . , . Carbotf 
may exist in iron in the ratio of 65 parts to 10,000 with-i 
out assuming the properties of steel. If tlie proportion b^ 
greater than that, and anywhere between the limits of 65 
parts of carbon to 10,000 parts of iron and 2 parts o( 
carbon to 100 of iron, tlie alloy assumes the properties rf 
steel. In cast iron the carbon exceeds 2 per cent, but in 
appearance and properties it differs widely from the hard- 
est steel. These properties, although we quote them, ai 
somewhat doubtful; and the chemical constitution ( 
tliese three substances may, perhaps, be regarded as sUD 
undetermined." Now, in tlie Bessemer converter the car^j 
bon was almost entirely consumed. In the smal! gun jusi 
described,' there were only 14 parts of carbon for 1,000,0 
parts of iron. Bessemer's nest difficulty was to carburize 
bis pure iron, and tlius to make it into steel, ' 
^vrought iron," says Mr. I. L. Bell, " as well as the sleej 
made according to Sir Henry Bessemer's original pbl^ 
though a purer specimen of metal was never heard ( 
except in the laboratory, was simply worthless. In Chii 
difficulty, a ray of scientific truth, brought to light one 
hundred years before, came to the rescue. Bergmanii 
was one of the earliest philosophers who discarded ; 
theory, and introduced into chemistry that process ol 
analysis which is the indispensable antecedent of scicntifie 
system. Tliis Swedish experimenter had ascerlained tllC 
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existence of manganese in the iron of thai cotmtrv, and 
connected its presence with suitability for steel purposes-" 
Manganese is a kmd of iron eiception-iHy rich in carbon, 
and also exceptionally free from other impuriiies, Berze- 
lius, Rinman, Kaisten, Berthicr, and other metallurgists 
had before now discussed its effect when combined with 
ordinary iron ; and the French were so well aware that 
ferro-manganese ores were superior for steel-making pur- 
poses that they gave them the name of mities d'oiUr. So 
Bessemer, after many experiments, discovered a method 
whereby, with the use of ferro-manganese, he could make 
what is known as mild steel. The process of manufacture, 
when described by Sir Henry Bessemer at Cheltenham in 
1856,' was so nearly complete, that only two important 
additions were made afterwards. One was the introduc- 
tion of the ferro-mangancse for the purpose of imparting 
to his pure liquid iron the properties of "mild steel." 
The other was an improvement in the mechanical appara- 
tus. He found that when the air had been blown into 
the iron till all the carbon was expelled, the continuance 
of " the. blow " afterward consumed the iron at a very 
rapid rate, and a great loss of iron thus took place. It 
was therefore necessary to cease blowing at a particular 
moment. At first he saw no practical way by which he 
could prevent the metal going into the air-holes in the 
bottom of the vessel below the level of the liquid mass, 
so as to stop them up immediately on ceasing to force the 
lur through them ; for if he withdrew the pressure of air, 
the whole apparatus would be destroyed for a time. 
Here, again, his inventive genius found a remedy. He 
had the converter holding the molten iron mounted on an 

• Immediately aflec he first successful cK^crimtW, aX. S.'l. ^isimv. 
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axis, which enabled him at any moment he liked lo tii 
it round and to bring the holes above the ievel of tl 
meial ; whenever this was done the process of couveraoi 
or combustion ceased of itself, and the apparatus ha( 
only to be turned back again in order to resume ihi 
operation. This turning on an axis of a furnace weigliinj 
eleven tons, and containing five tons of liquid raetaJ, at i 
temperature scarcely approachable, was a system e 
different from anything that had preceded it; for it hi 
took out what he considered one of liLs most importao 
patents, " and," he says, " I am vain enough to beliew 
that so long as my process lasts, the motion of the vesse 
containing the fluid on its axis will be retained as an abso 
lute necessity for any form which the process may takJ 
at any future time." The patent for this invention n 
taken out about four years after his original patent for th< 
converter. 

Uncle Fritz showed them a picture of this gigantic 
kettle, which holds this mass of molten metal and yel 
turns so easily. 

" Bnt," said Helen, " you have a model of it here. 
Uncle Fritz." And she pointed to her Uncle Fritz's int 
stand, which is something the shape of a fat beet-roolj 
with the point turned up to receive the ink. Uncle Fr'iti 
nodded his approval. These inkstands, which turn ovei 
on a little' brazen axis, were probably first made by some 
one who had seen the great eleven-ton converters. 

Uncle Fritz showed the children the picture in tfa( 
" Practical Magazine," and they spent some time togetha 
in looking over the pages of the volume for li 

The Bessemer process was now perfect. Nearly fwB 
years had elapsed since its conception and first a 
li'on ; and ia addition \o tVe uec^ssai^ \^wk mA « 
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he had experit-ocec!, no less than ;£'20,ooo had been ex- 
pended in making experimeots that were necessary to 
complete its success. Il only remained to bring the 
■.i|HX>cess into general use. 



fhe young people asked quite eagerly whether they 
1 see the processes of "conversion" anywhere, and 
fe glad to be told that Bessemer steel is made in many 
B of America. One of their young friends, who was 
ted at the "Technology," is in charge of a depait- 
jt at Steelton, in Peonsyivaoia, and they have all wntten 

e American steel-makers have a great variety of ores 
i from, and they have found it possible, by using 
cent ores, to avoid tlie difficulties which Mr. Bessemer 
met in using the ores of England. 
jnd so far are the proctsscs now simplified, that in 
wS American establisiiments the molten iron is re- 
I liquid from the blast furnaces, and does not have 
: reduced a second time in a cupola furnace, as was 

sed by Mr. Bessemer. There is no cooling, 
[r cstabhshments, between the ore and the 
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THE LAST MEETING. 



GOODYEAR. 

THEN the day for the next meeting came, Undt 
Fritz had a large collection of books and 
- noes in the little rolling racks and tables trhere jud 
things are kept. But no one of them was opened. 

No. The young people appeared in great strength, lE 
at the same moment, and notified him that he wasioiat 
on his hat and his light overcoat, and go with ihem 
what they called the first "Alp " of the season. For that 
is a pretence in the little company that they are an Aip(, 
Club, and that for eight months of the year it b 11 
duty toxlimb the highest mountdns near Boston. 

_Now, the very highest of these peaks is the siimniit 

of the Blue Hills, to which indeetl Massachusetts omsij 

name. For "Matta" in the Algonquin tongue nxti 



"great," and "Chitset" meant "a hill." And a 
who was living on a little hummock near Squantuniijfrf 
before \Vinthrop and the rest landed, was the sacred S 
chcm of the Massachusetts Indians. Hence the name! 
Mattachusetts Bay ; and then, by euphony or bad spdt 
^ing, or both, Massachusetts. 

^B Uncle Fri^i cfee^-ei 'fee TsHile rout, as he is apt to S 
^vHe retired ioi a totomw \.o ^ui. cm Vsmvw. ^ 
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he reappeared, he took the seat ol honor in the leading 
' omnibus. And a very merry expedition they had to the 
summit, where, as the accurate Fei^is told them, ibey 
were six hundred feet above t!ie level of the sea. There 
was but httle wood, and they were able to He and sit in a 
large group on the ground just on the lee side of the hill, 
where they could look off on the endless sea. 

"Whom should you liave told us aboul, had it rained?" 
«aid Mabel Fordyce. 

" Oh ! you were to have had your choice. There are 
Btill left many inventors. I had looked at Mr. Parton's Life 
ef Goodyear, and the very curious brief prepared for the 
court about his patents. Half of you would not be here 
to-day but for that ingenious and long-suffering man." 

"Should not I have come?" said Gertrude, incredu- 
tonsly. 

"Surely not," said Uncle Fritz, laughing. " I saw your 
water-proof in your shawl-strap. I know your mamma 
well enough to know that you would never have been 
J)ermilted to come so far from home without that Eegis, 
Or without those trig, pretty overshoes. You owe water- 
proof and overshoes both to the steady perseverance of 
iGoodyear and to the loyal help of his wife and daughters. 
Some day you must read Mr. Webster's eulogy on him 
sod them. Indeed, he is the American Pahssy. You 
hear a good deal of woman's Hghls ; but, really, modem 
■women had no rights worth speaking of till Mr. Goodyear 
enabled them to go out-doors in ali weathers. 

" I meant we should have an afternoon with the Good- 
years. Then I meant that you should know, Gertrude, 
irtiere that slice of bread came from." 

"Well," said she, " I do nol Vnov) "maiiv, \nS. "V ft» 
that. It came out of the btcad-\iox.." 
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^ •■ Very good," said the Colonel, laughing. 
body put it into the bread-box. And it is quite as « 
that yoti should know who put it in. American girls 
, American tmys ought to know that men's prayer for ' Mj' 
' Bread ' is answered more and more largely every yem 

I They ought to know why. Well, the great i 

reaping and binding after the reapers, nay, that sowioi 
the corn, and every process between sowing and harvttl. 
has been wellnigh perfected by the American i 
So I had wanted to give a day or two to reapers ud 
binders, and the other machinery of han^esting. liKlttd, 
if our winter had been as long as poor Captain Greeyi 
', was, and if you had met rae every week, we should hi 

had a new invention for each one. Here are the lelephaii 
and the telegraph. Here is the use of the electric li^ 
Here is die sewing-machine, with all its nice details, litl 
the button-hole maker. Nay, every button is made l<f i 
own machinery. Here are carpets one quarter cbofa 
than they were only four years ago ; cotton clotiis n 
more by machinery and less by "hand labor; nay. iheySj 
us that the cotton is to be picked by a machine b 
long. 

" But these are things you must work up for youn 
You are on a good track now, and have learned a 
the principles of such study, 

" Go to the originals whenever you t 
you understand, and fall back on what you did n 
stand at first, so as to try it again." 

" Do you not think that all the great things b 

El, Uncle Fritz?" 
vas John Angier's rather melancholy q 
I a\At ot \V, Twj\iWi. ^t^sjsAii not for j| 
J youts ani as. \va.ui-j \>sa.is.- - "Vei. k 




what I heard President Dawson say. He is ('resident of 
McGill University, and is counted one of the firei physical 
philosophers in America. 

He said tliis in substance: 'What will future times 
^ay of us, the men of the end of the nineteenth century? 
They will say, "UTiat was the ban on those men, what 
numbed them or held them still, as if in fear? Why did 
ihey not apply in daily life their own great discoveries of 
the central laws of Nature? They were able to work out 
principles. \Vhy could they not embody them in useful 
inventions? They discovered the Ocean of Truth, but 
they stood frightened on its shore. They found the 
great prmciples of science, and for their application they 
seem to have been satisfied when they had built the 
uSteam- engine, had devised the telegraph, the telephone, 
the phonograph, and when they had set the electric light 

blazing." ' 

"You see, John, that he thinks there is enough more 
for you and the rest to invent and to discover." 

Then Uncle Fritz look from his ulster pocket Mr. 
jparton's volume of biographical sketches. 

It is all very fine for you, Miss Alice," he said, "to 
^ie there on your waterproof, and to be sure that even 
inamraa wiU not scold when you go home. But take the 
fcook, and read, and see who has wept and who has 
Starved that you might lie there." 
f And Ahce read the passages he had marked for her. 

The diificulty of all this may be inferred when we state 
tiiat at the present time it takes an inlelUgent man a year 
,to learn how to conduct the process with certainty, though 
Jie is provided, from the start, with the besi. ww;^e.-ms»Ba 
and appliances which [wuiHy yeaYs' e'XV^i\e'!vce. Vas. w.% 
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gcstci). And poor Goodyear had now reduced himse 
not merely to iKiverty, but to isolation. No frfend of I 
could conceal his impatieDce when he heard him i 
nouoce the word " India-rubber." Business-men rccoik 
from the name of it. He tells us that two ( 
passed, after he had made his discovery, before he \ 
convinced one human being of its value. 
experiraenB could no longer be carried on with 3 fe 
pounds of India-rubber, a quart of turpentine, a pi 
of aiiuafortis, and a litUe lampblack, 
means of producing a high, utkiform, and controlblrft ifc 
gree of heat, — a matter of much greater difficullj li 
he anticiiKited. We catch brief glimpses of hini at i 
dtne in the volumes of testimony. We see him 
for his wife to draw the loaves from her oven, I 
might put into it a batch of India-rubber to balce, 8 
watching it alt the evening, far into the night, to see < 
►•ffecl was produced by one hour's, two hours', ll 
rjiouis', six hours' baking. We see him boiling it ta I 
wife's saucepans, suspending it before the nose of htrl 
kettle, and hanging it from the handle of lliat « 
to within an inch of the boiling water. We see I 
roasting it in the ashes and in hot sanil, toasting il & 
a slow fire and before a quick fire, cookmg it for one D 
and for twenty-four hours, changing the proportioffid 
compoimd and mixing them in different ways. No I 
rewarded him wliile he employed only do 
Occasionally, it is true, he pnxluced a 
piece of perfectly vulcanized India-rubber ; but « 
jecting other pieces fo precisely the same | 
would Ulster or char. 

Then we see Vim ^^cirtvcv?, \.q ' 
the neigVi\>Qi\vQoi ol N^tkwL-ni, 




pors/tTY. iH^ 

of uang an cnen after working hmin, or of ImnKlilfl 
a piece of India-mbber in tlic " mun-lmlc " of tlir Imlliir. 
The ftif«nen testify that he woii a great iilnum- to ilu-ni, 
and smeared their works with hiii Htkky iorii|ioiin'l i Ixit 
^though tfaey regarded him as littlo bi:ilirr thiiii » lmil|i|«- 
■.iome lunatic, they all appear to huvc hi-||ici| lilin V«ry 

ringly. He frankly confesses lliol hi: livml iit Ihl* {[\\\u 
diarity; for alUiough Ae fch conlliletit or Ik'Iii^ hIi1« 
no repay the small sums which pily fur tiin rmiilly "tiiiMiril 
•him to borrow, his neighbors who lent lihu lite imMii'^ 
jcas far as possible from expretlnKIinyriicm. I'l'Mi'itillliU 
1, they meant to give. Onu would jmy lila biili Iiki'm 
» his milk-bill; another would iiond In n luirii'l of 
E another would take in payment miiiil* urllilf* uC |I|« 
k of India-rubber ; and Homo of ihc fnniiitr* mIIdwciI 
liQdreD to gather sticks in llicjr flvlda lo Iip4I iilR 
B of sand containing muweN of itiil|illiiii/(id ImltH' 
If the people of New I';ii((litiid wi-io nui tlia 
^neighborly" people in the wurlil, hl» liiiiilly liluiil 
r he must have given up lib irxpi'MiJiKtiKi. 
frith all the generosity of hix nei|{h Intro, lila ihlldratt 
iflen sick, hungry, and cold, wilhuiil iitedlriiie, food, 
One witness testifies: "I found, In iK,iy, liint 
el to bum nor food to citt, ond did nut 
*here to get a morsel of food from one diiy lo tiii- 
', unless it was sent in to them." We can neither 
nor condemn their father. Inia(t>ne CulumbuM 
I "urithin sight of the new world, and hi» obntinatu crew 
I ■'declaring it was only a mirage, and refusing to row him 
f whore. Never was mortal man surer that he hud a for- 
1 his hand, than Charles Goodyear was when he 
fould take a piece of scorched and dingy India-rubbct 
s pocket and expound ila mai-jeWovK, ■^tovwvv^ 



1 

pr3C&3B9l 



ago STOHJBS OF mVEN\ 

to 2 group of increduloua villagers, 
he was just upon the point of a 
Give him but an oven and would he 
\ proof and cold-proof India-rubber, as fast as a tiak 
[ produce loaves of bread? Nor was it merely the 
of deliverance from his pecuniary straits liiat ufgn 
In all the records of his career, we pecerre i 
amething uobler than this. His health being i 
infirm, he was haunted with the dread of djing ll 
he had reached a point in his discoveries where ■ 
men, influenced by ordinary motives, could render j 
available. I 

By the time that he had exhausted the patience fl 
foremen of the works near Woburn, he had cotseK 
conclusion that an oven was the proper means of )j 
ing heat to his compound. An oi'en he forthwiti 
termined to build. Having obtained the use of a o 
of a factory yard, his aged father, two of his brolhoi 
litde son; and himself sallied forth, with pickait 
shovels, to begin the work ; and when they had (kl 
that unskilled labor could effect towards it, he iM 
a mason to complete it, and paid him in l»idt4i 
aprons made of aquafortized India-rubber. TTuf 
oven was a tantalizing failure. The heat was Di 
uniform nor controllable. Some of the pieces Of \ 
rubber would come out so perfectly " cured" ;i 
-demonstrate the utility of his discovery; butotho) 
pared in precisely the same manner, as far as he 
discern, were spoiled, either by blistering or lil 
zzled and distressed beyond descriptioft 
no single voice consoled or encouraged him. Out ' 
first piece o! c\o'iV -WtiviLV^it =aci:fieded in V 
had a coat madefo-v \vnt\?j£\l,Vwi«.-w ~ 
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Lganuent in its liest estate ; but, to prove to the unbelievers 
h would stand lire, he brought it so often in contact 
fot stoves, that at last it presented an exceedingly 
ippearance. His coat did not impress the public 
Sbly, and it served to confirm the opinion that he was 
tboring under a mania. 
In the midst of his first disheartening experiments with 
ilphur, he had an opportunity of escaping at once from 
is troubles. A house in Paris made him an advantageous 
fler for the use of his aquafortis process. From the 
s of his misery the honest man promptly replied, that 
it process, valuable as it was, was about to be siipciBeded 
y a new method, which he was then perfecting, and as 
Don as he had developed it sufficiendy he should be glad 
o dose with their offers. Can we wonder that his neigh- 
bors thought him mad? 

"It was just afler declining the French proposal that he 
tidurcd his worst extremity of want and humiliation. It 
3 in the winter of 1839-40; one of those long and 
cmble snowstorms for which New England is notetl, had 
leen raging for many hours, aud he awoke one morning 
o find his Utfle cottage half buried in snow, the storm 
tin continuing, and in his house not an atom of fuel nor 
morsel of food. His children were very young, and he 
3 himself siclt and. feeble. The charity of his neighbors 
S exhausted, and he had not the courage to face their 
:proaches. As he looked out of the window upon the 
reary and tumultuous scene, — " fit emblem of his condi- 
' he remarks, — he called to mind that a few days 
efore, an acquaintance, a mere acquaintance, who lived 
me miles off, had given him upon the road a more 
iendly greeting than he was then accustomed to receive, 
E bad cheered bis heart as Vie lmiig,ei ^&i V^ , ■a^A. 



it now returned vividly to liis mind, 

; detenniiied to apply for relief, if he could read' 

I house. Terrible was his stniggle with the wind anil 

I deep dfifts. Often he was ready to faint with iiili 

I sickness, and hunger, and he would be obliged U 

I down upon a bank of snow to rest. He reacbej 

I house and told his story, not omitting the oft-told 

I of his new discovery, — that mine of wealth, if oni] 

could procure the means of working it. The eaga 

t|ueDce of the inventor was seconded by tlie gaunt 

yellow face of the man. His generous acquaintanq 

tertained him cordially, and lent him a sum of mi 

which not only carried his family through the won 

the winter, but enabled hitn to continue his experimen 

a small scale. O. B. Cooiidge, of Wobum, was the ( 

I of this benefactor. 

' On another occasion, when he was in the most w 
need of materials, he looked about his house to 
if there was left one rehc of better days upon t 
a little money could be borrowed. There was no 
but his children's school-books, — the last things 
which a New Englander is willing to part There wi 
other resource. He gathered them up, and sold 
for five doUars, with which he laid in a fresh stock of 
and sulphur, and kept on experimenting. 

Alice and Hester looked over the rest of the 
while the others packed up the wrecks of the piccK 
prepared to go down the hill. Then they joined I 
Fritz in the advance, and thanked him very scrioas 
what he bad shown diem. 

"Smc.\\ a &U>T'j as x.'kA," said Hester, "is vroiOi 
than aujt'hin^ stocwv cci-oSa w ■N^««i;'' 
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" I think so too," said he. 

" I should like," said the girl, " to write to those chil- 
dren of his a letter to thank them for what they have 
done, and what he did for me, and a million girls like 
me." 

"It would be a good thing to do," said he, "and 
I think I can put you in the way." 

"And I do hope," said Alice, eagerly, "that if we are 
ever tested in that way we shall bear the test." 

"Dear Uncle Fritz, if we cannot invent a flying- 
machine, and have not learned how to close up rivets this 
winter, we have learned at least how to bear each other's 
burdens." 
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THE GOOD TIMB COMING; or, Ont New Crosade. 

Squart r8mo. Paper, socsnts; cloth, Ji.oo. 
" It hai ill the chanctemtics dF iu brilliint lutlioi, — unSigKiDg eh- 
IFTtaiDineDC, hdpfulncBAi suggestive, Evsctical hi-- — ' - — ' — ^-— 



of readeiA. The ^I of thv book i« la show bow passible it la far the 
but ajniiu of a commntiilf. LhrDUKh wiK oreaaiiAtiQn, Co form them- 
hIv« into a kver by moiift cf which the whole tone of the tocial siatoa 
nay bfi eltiVBled, and the good and bigheat bappinotA of the helpJesa 
Diativ be altaii^ed IhTcniirh the selE^dcD^na eiccrtionH of tbe powerful 
fell.'' —Sntkim CAnrihman. 

THE INGHAM PAPERS. x6nio. Si.as- 

■'Bulltianol bIoue foclbelr wit aod ingenuity oe priio Mr, Hale'i 
storiH. but Tor Ibe Kriout IhsDchl, the monl, or praaical >uggE«ion 
tmderlylag all of Itiem. They arc not nrillcD amply to vnuse, bul have 
■ KRver purpoH. Of the storicfl id the prewot Tolume, lhEb«t to our 
Ifaioldag a ' The Rag Man and Rag Woman.'" — Aoi^iw 7riuucr«H. 

HOW TO DO IT. iGmo. Ji.oo. 
" Good ■en«e, very prsclical mgge>tioo>, telKng idBsuatioBS (in wordj), 

eiceedingly laking and itimulaling, and we do not see how either aei 
em fail, after reading his pages. In know How to TUk, Haw to Write, 
How to Read, How la go into Sodety, and How lo Travel. Therewith 
Life al Sdioi^, Life in Vacaiinn. L.le Alone, Habits in Church, Life 
with Children, Life with your Elders, Hibiis of Re^ng, and GsiiiiE 
Ready, on the aeVflral lo^cs oS the more than as many chapters, and 
make Ihe volume one which should God iu way to ihe hands of every 
boy and girl. To this end we would like lo see il in every Sabbalh-«dW 

CRUSOE IN NEW YORK, and olhw Stories, ifimo. 
fi.r,o. 

inindmE one'nf ' The Wrat of'wakefield,' and Ibe lodioous improbabil- 
TbereitmacyaleBan lobe learned from the qulellilllevoliuBB." 



vrrytvhrr. ATailtd. fBit-faid, OK rtcrifl qf frici, Ijt lit 
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THE MAN WITHOUT A COUNTRY 


and other 


Tales. i6mo. #1.75. 






"A collatKin o( those strmtt, amusiDe, 3d 


fascina.iBgivloniS.'vh.ch, 
alliu^on Ld paas lie occur- 




almoH feel .£a 


Ihe diS^ 


WKMbelwecn tnilhand ficlion » ncl worth rm 




Hals ii !h< 


prince of BtaiY-Mllen: and Ihe marvel is Ihai 


is araciai brain can h.™ 


wchavtiooffraKagnKiancyaodquidnthun 


uirranaiaglhr. 


^ij^i.' 


will p^ any one to IkM while leading t&««," 


— Univmalii 


WORKINOMEN'S HOMES. lUustated. 16 


no. ,Si.oo. 




y.lhai laboring 


loenihoold 


UIV( betttr hnracB than Ihey usuaily find in 1 








4l^eir I^ 




working men aic always slil'pim dd-ira 10 " 


luenculmro 


discDintbrl, 
nding ibeir 




jceiLente." 
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TEN TIMES ONE IS TEN : The Possible Rrforma- 
tion. A new edition, in two parts. Part L The Storj. Part 
II. Hairy Wadswoith and Wadswortb Clubs. iGmo. ^^i.do. 

" To look up and not down ; To look oui ^d not in ] Ind 

'*The four rules are over mv wiiLing^-denk and in my heul. Evrij 
VCbool boy and girl of age lo UDdersmnd it should have Ellis slory, and. il 
1 wa« richonoujih, ehould have ic." — Extract /ram a Utter fy art m» 
knsam corresporbUni, 

MRS. MERRIAM'S SCHOLARS. A Story of th> 
■'Orifjnal Ten." ifitno. fi.oo. 

in ' Mn. Meniam's Scholars ' Id lake up a £w of wbal be lermi tht 
' dropped tlilches ' of die natialive. Tbcttofy is exceedingly simple, u 

" .'The r" "" ' '" "'" "" i. «,«.,= n .. «,!««. 
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I SEVEN SPANISH CITIES, and the Way to ' 
16100. fi-15. 

\t Rev. &. TL Hali'i 'Spuiiih Cities' ii in the nuihoi' 
jIjIb. fiUloriiin, wib touches of TomviceiGlimpBCA of hiuoT 
\o Oruntnt Lituatura. narndsl taJk about rcli^ou. CDuddera 
Lb politics, lod 3 niEud, rimDiDR dncriTXion pr creryftuLi 

could powUy («. Mr. Hale BialcH Spain mere 

uauuDf thaniDy Dther traveller tus done, and ho i: 



timt" —Chritlian RegitU 



•• A utarhiog, almost a Ituillicg, tale ii Ibis by E. E. Hale, m fis pa* 
thelic nmplidty and in deep meaninE- It is a story of Ihs'WaldenHl 
in the days when Richard Cieur del-ion and bis tplendid roUawtqg 
wended iheir way to the Cnisades, and when the came of Oirial in. 
■pired man who dnett in pal.ices, and men wlio ^eitered Iheniselves ja 



"■■ The veryl 



lat Chris 



Did Troi 

A SUMMER VACATION. 

" AEier Mi. Hale's relurn Irom Europe 
EtermonB conceminb hia Eviropean eaperiE 
■d them,' Mr. Hale has allowed 
■■"'- ■^— -re full of ■ 



■1 readioe tn such little apuA 
ofpurendislon."— aCk 

vriiteo. II haa the riui irf aa 



h this title. They 



1 to his people fonr 
vigorous thoughCi wide ^hilantbf«iri 



' iviryvihcri. MaOid, fmt-faid, on WKiifl ef frier, tr 0I# 
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TO TEXAS; or. The Wonderia] Adventures of a 




is fr» 



.=5- 



life of in 



iseL i the 
if llis PuU 



ioBlLrai 



loltn 



ol happy 



le of both [iA^ei."—EictiMe'. 
,T CAREERP or, Tlie Choice of a Vocation and the 
" IS- 

ich will do anybody good to read : e»- 
a youn£ men lo ' read, mark, and in- 

. .. lift laiKC eEpcncrice and careful obw^ 

jubJECIa Irealed in Uii^ TirtJe •olonie will Bi]IScieiiliy 

pel (.) The Leaders Lead i (i) The Spedaliies; (il No- 
(lITheMind'.iMaidmumas) A Theological SemSnarv: 

, Ct! Renponji bailies of Young Mm; m Sltidy Ont^ 

(qlTheTralniDgofMen: (lo) EierdK." — fTalctniii. 

AND DOWNS. An Eveiy-Day Kovel. i6mo. 

d^Bri?M!?rSal°'iniist have'seen 't™'^ " 

, _nd muit have known peraonally every characfer 

rly dopiclB- In his hearty fellomhip with youDg people llei 
— The iloryispemealedvtilh a ipiril o(|lad-heim,edneu 
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